Successful cropping in the high rainfall zone of Western Australia : crop research and extension in the zone by Hill, Narelle et al.
Research Library 
Bulletins 4000 - Research Publications 
10-2005 
Successful cropping in the high rainfall zone of Western Australia 
: crop research and extension in the zone 
Narelle Hill 
Heping Zhang Dr. 
CSIRO Plant Industry 
Tim Trezise 
Agrarian, Kojonup 
John Young 
Farming Systems Analysis Services, Jingalup 
Natahan Moyes 
Landmark, Narrogin 
See next page for additional authors 
Follow this and additional works at: https://researchlibrary.agric.wa.gov.au/bulletins 
 Part of the Agriculture Commons, Environmental Indicators and Impact Assessment Commons, 
Hydrology Commons, Soil Science Commons, and the Water Resource Management Commons 
Recommended Citation 
Hill, N, Zhang, H, Trezise, T, Young, J, Moyes, N, Carslake, L, Turner, N C, Anderson, W, and Poole, M. (2005), 
Successful cropping in the high rainfall zone of Western Australia : crop research and extension in the 
zone. Department of Agriculture and Food, Western Australia, Perth. Bulletin 4661. 
This bulletin is brought to you for free and open access by the Research Publications at Research Library. It has been 
accepted for inclusion in Bulletins 4000 - by an authorized administrator of Research Library. For more information, 
please contact jennifer.heathcote@agric.wa.gov.au, sandra.papenfus@agric.wa.gov.au, 
paul.orange@dpird.wa.gov.au. 
Authors 
Narelle Hill, Heping Zhang Dr., Tim Trezise, John Young, Natahan Moyes, Laurence Carslake, Neil C. Turner 
Dr, Walter Anderson, and Michael Poole 
This bulletin is available at Research Library: https://researchlibrary.agric.wa.gov.au/bulletins/51 
SUCCESSFUL  CROPP ING  IN  
THE  H IGH  RA INFALL  ZONE  OF  
WESTERN  AUSTRAL IA
Crop research and extension in the zone
October 2005
Bulletin 4661
ISSN 1448-0352
SUCCESSFUL  CROPP ING  IN  
THE  H IGH  RA INFALL  ZONE  OF  
WESTERN  AUSTRAL IA
Crop research and extension in the zone
i
October 2005
Bulletin 4661
ISSN 1448-0352
SUCCESSFUL  CROPP ING  IN  THE  H IGH  RA INFALL  
ZONE  OF  WESTERN  AUSTRAL IA
Crop research and extension in the zone
Disclaimer
1. The information, representations and statements contained in this 
publication are provided for general information purposes only.  
2. The State of Western Australia, the Minister of Agriculture, the Chief 
Executive Offi cer of the Department of Agriculture and their respective 
offi cers, employees and agents:
a) do not make any representation of warranty as to the accuracy, 
reliability, completeness or currency of the information, representations 
or statements in this publication;
b) shall not be liable, in negligence or otherwise, to any person for any 
loss, liability, damage, personal injury or death arising out of any act 
or failure to act by any person in using or relying on any information, 
representation or statement contained in this publication.
3.    a)   The State of Western Australia, the Minister of Agriculture, the 
Chief Executive Offi cer of the Department of Agriculture and their 
respective offi cers, employees and agents do not endorse or recommend 
any product specifi ed in this publication or any manufacturer or a 
specifi ed product.  Brand, trade and proprietary names have been 
used solely for the purpose of assisting users of this publication to 
identify products.
4.   This publication has been designed for use by competent farming industry 
practitioners.
5.   Users of this publication should obtain independent advice and conduct 
their own investigations and assessments of any proposals that they may be 
considering in the light of their particular circumstances.
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2
• This manual is a review of all the relevant and current 
information relating to cropping systems in the high 
rainfall cropping zone (HRZ) of Western Australia. 
It functions partly as the fi nal report summarising 
research results and extension activities and discusses 
recommendations and potential outcomes of two 
5-year GRDC-funded projects (DAW 673 and 
CSP 302), that aimed to increase the productivity of 
southern high rainfall cropping systems. 
• The two projects commenced in 2001 and were 
completed in June 2005.  Through grower direction, 
and the joint venture between the Department of 
Agriculture, Western Australia (DAWA), CSIRO, 
AWB Landmark, and grower groups, gaps in 
knowledge have been identifi ed about the current 
cropping systems in the zone.
• The DAW 673 project was conducted by DAWA 
and Landmark in collaboration with the Southern 
Grain Growers group of farmers.  It focussed largely 
on robust, farm-scale experiments using commercial 
equipment.  The CSP 302 project was conducted 
by CSIRO Plant Industry in collaboration with 
the Kojonup Crop Research Group of farmers and 
examined soil and crop water relations in detail at 
a representative location in the HRZ and used the 
measured parameters to estimate land capability 
and susceptibility to waterlogging across the 
whole zone. 
• The HRZ of Western Australia covers 21 local 
government shires extending from south-east of 
Perth to Albany and from Gnowangerup in the 
east to Boyup Brook in the west.  It has about 4.8 
million ha of land and approximately 3.7 million ha 
is freehold land used for agriculture. At present, 
about 864,000 ha in the region are sown to annual 
grain crops each year which is about 18% of the 
total land base or 22% of the cleared area.  It is 
estimated that about 50% of land in the western half 
and 70% in the eastern half of the HRZ is potentially 
suitable for annual cropping. This is equivalent to 
2.1 million ha. 
• Economic and risk analysis indicates that for a range 
of grain and wool prices, profi tability is maximised 
if 20−40% of the farm is cropped. This allows up 
to one third of the farm to be cropped in rotation 
with annual and perennial pastures, suggesting that 
in the HRZ 1.2 million ha can be cropped annually. 
This represents about a 50% increase in areas for 
annual cropping.
• Yield potential is high for wheat and canola in the 
high rainfall zone due to the high rainfall and longer 
growing season compared to the low and medium 
rainfall zones.  It is estimated that cereal yields in the 
450-700 mm annual rainfall zone should potentially 
be between 4.5 and 6 t/ha and canola, 3−4 t/ha. 
Current yields of crops are only about 50% of the 
potential, averaging 2.7 t/ha for wheat, 2.4 t/ha for 
barley, and 1.4 t/ha for canola from 1996 – 2001.  
• The yield gap between the current and the potential 
yields in the HRZ indicates good opportunities to 
lift the current yield of the crops.   Experiments 
conducted as part of DAW 673 and CSP 302 in the 
HRZ from 2001 to 2004 show that the high yield 
potential can be achieved.
• The principal constraints for crop production can 
be summarised as transient surface and subsurface 
waterlogging, limited availability of nutrients, 
soil acidity, and limited root penetration into the 
clay subsoil. In average rainfall years, the risk of 
waterlogging is high on the western side of Albany 
Highway and in low fl at areas on the eastern side 
of the highway. In wet years (1 in 4 years), the area 
prone to waterlogging expands eastward. Shires of 
Narrogin, Woodanilling and parts of the Katanning 
and Broomehill shires can be subjected to mild to 
severe waterlogging. In dry years (1 in 4 years), the 
risk of waterlogging is much less for most of the HRZ 
and occurs only on the western edge of the HRZ. 
• Transient sub-surface waterlogging may reduce 
wheat yield by 2 t/ha in 50% of seasons as a result of 
reduced fertile ear number. The detrimental effect of 
waterlogging can be partially eliminated by tactical 
management of nitrogen (N).  When N is timed 
according to soil and weather conditions wheat 
yields can increase 60% when compared to all N at 
seeding.
• The major gaps in knowledge relate to subsoil 
constraints and soil fertility, and their impact 
on crop yields.  A baseline study showed that in 
the HRZ farmers applied only 50−70 kg N/ha 
for wheat, canola and barley. This is only about 
half of the N requirement for a targeted yield of 
6 t/ha of wheat and 3.5 t/ha of canola.  Barley yields 
were increased by 68% over farmer practice with a 
package including increased nutrition, deep ripping 
and lime application.
• Knowledge and planning are pivotal to keeping the 
cropping enterprise viable.  The ‘package’ makes 
a framework within which to think and plan an 
approach.  If all components of the ‘package’ are 
managed appropriately, crop yields should approach 
the potential that seasonal rainfall allows.  High crop 
yields are possible, but they need higher inputs.  If 
crop yield potentials are reached, the high input 
packages are very profi table.
1. 0 .  S U M M A R Y  
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The high rainfall zone (HRZ) of Western Australia 
covers 21 local government shires extending from 
southeast of Perth to Albany and from Gnowangerup 
in the east to Boyup Brook in the west (Fig. 2.0.1). It 
has about 4.8 million ha of land and approximately 3.7 
million ha is freehold land used for agriculture. The 
balance is state forest and national parks. Table 2.0.1 
gives the area of each shire, freehold agricultural land, 
current area used for grain crops, estimates of the area 
affected by dryland salinity in 1999, current percentage 
of freehold area suitable for cropping, and estimated 
area suitable for cropping.
Figure 2.0.1.  Map of south-western Australia with shires 
in the high rainfall cropping region highlighted (shaded). 
(adapted from Stephens, 1997).
At present, about 864,000 ha in the region are sown 
to annual grain crops each year which is about 18% of 
the total land base or 22% of the cleared area. Dryland 
salinity ranges from 0.2 to 9.0% of the freehold area 
depending on location of the shires, with the westerly 
shires having a lower level than the eastern shires. 
Based on the land capability assessment carried out 
by the DAWA, it is estimated that about 50% of land 
in the western part and 70% in the eastern part of the 
HRZ is potentially suitable for annual cropping. This is 
equivalent to 2.1 million ha. Economic analysis indicates 
that for a range of grain and wool prices, profi tability 
is maximised if 20−40% of the farm is cropped. Poole 
et. al. (2002) suggested that a cropping system that 
should minimise leakage of water past the root zone 
consists of a rotation of three years of lucerne (or similar 
perennial) in rotation with three years of crop over 60% 
of the farm.  The remaining 40% of land could be given 
over to remnant vegetation, alley farming, blocks of 
trees, or lost to production because of secondary salinity. 
This allows up to one third of the farm to be cropped 
in rotation with annual and perennial pastures without 
detrimental effect on the environment, suggesting that 
in the HRZ 1.2 million ha can be cropped annually. This 
represents about a 50% increase in the area for annual 
cropping over the present area. 
2.1. Climate
The region experiences a strong seasonal Mediterranean 
climate with cool, wet winters and hot summers. 
Temperatures range from an average daily maximum in 
January of 26−30oC to maximums in winter of 14−16oC. 
The growing season in the HRZ is about seven months 
from May to November. 
Most rainfall occurs in winter when eastward moving 
low-pressure systems to the south of the continent 
generate cold fronts that bring fairly reliable winter 
rainfall. The annual rainfall in the region ranges 
from 700−800 mm in the west to 450 mm in the east 
(Figure 2.1.1). 
Figure 2.1.1.  Rainfall isohyets and agzones of the south-west 
of Western Australia
The average monthly rainfall for Katanning, Kojonup 
and Boyup Brook, is shown in Figure 2.1.2. The growing 
season rainfall from May to November ranges from 
380 mm in Katanning to 560 mm in Boyup Brook. About 
50% of the annual rain falls from June to August.
2 . 0 .  D E S C R I P T I O N  O F  R E G I O N
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Figure 2.1.2.  Mean monthly rainfall (mm) in Katanning, 
Kojonup and Boyup Brook.
During winter, the combination of the passage of 
preceding cold fronts with cold southerly airfl ow and 
subsequent clear skies can produce low temperatures. 
Cold air tends to move down slope and accumulate 
in the lowest parts of the landscape, often producing 
frost as water vapour freezes on the plant surfaces. 
When the recorded screen temperatures drop below 
2.2oC, the ground temperatures can drop to zero and 
frost may occur (Loss and Perry 1990). The frost may 
damage crops especially in September and October. 
The frost risks for different locations in the HRZ, are 
listed in Table 2.1.1.  As cold air drains down slope, the 
frost risk is higher in lower positions in the landscape. 
While planting early increases the risk of frost during 
the fl owering window of wheat in late September and 
early October, planting crops in the upper part of the 
landscape will minimise the risk. Most farmers know 
where the frost risk is greatest on their property.
It appears that most farmers in the HRZ accept some 
frost risk by planting early and using cultivars with a 
fl owering window in late September or early October. 
This may be related to the fact that most farmers put 
their crops in the upper part of the landscape to reduce 
the risk of frost damage.
Table 2.1.1.  The dates after which the risk of a damaging 
frost is equal to 1 in 10, 1 in 5, and 1 in 3 years at various 
locations in the high rainfall zone of south-western Australia. 
(adapted from Anderson and Garlinge 2000). 
Frost risk
10% 20% 30%
Location 1:10 years 1:5 years 1:3.3 years
Kojonup Nov 1 Oct 23 Oct 17
Katanning Oct 24 Oct 17 Oct 10
Pingelly Oct 25 Oct 19 Oct 11
Brookton Oct 25 Oct 19 Oct 11
Wagin Nov 1 Oct 28 Oct 16
Beverley Oct 25 Oct 16 Oct 6
Mount Barker Oct 13 Oct 5 Sep 28
Narrogin Oct 12 Oct 4 Sep 28
Wandering Oct 29 Oct 21 Oct 15
Total shire 
area (ha)
Total area of 
freehold land 
(ha)
2004 area of 
crop (ha)
% of freehold 
land in crop
*% of shire 
salt affected
% of land 
suitable for 
croppingA
Potential area 
for cropping 
(ha)
Area at 33% 
of cropping 
(ha)
Boyup Brook 283800 189600 21897 11.1 1 48 91000 63000
Broomehill 137600 111700 34193 3 3.7 73 82000 37000
Gnowangerup 500000 384100 152334 39.5 4.3 73 280000 127000
Katanning 152300 151800 51449 33.7 9.8 65 99000 50000
Woodanilling 112600 102400 27141 26.4 8.1 65 67000 34000
Albany 476700 298000 43732 14.4 0.7 49 146000 98000
Cranbrook 339000 237400 38704 16 3.1 53 126000 78000
Plantagenet 479200 292800 39266 13.3 1 53 155000 97000
Brookton 162600 126300 42254 33.3 5.2 65 82000 42000
Cuballing 128000 81700 26049 32 4.3 65 53000 27000
Narrogin 161800 141800 37502 26.2 7.8 53 75000 47000
Kojonup 293700 301200 43861 14.2 3 49 148000 99000
Pingelly 127400 127400 43640 33.8 5 65 83000 42000
Wagin 186000 186000 56378 30.1 9.2 65 121000 61000
Wandering 195500 87400 17858 20.3 0.2 53 46000 29000
West Arthur 285000 211900 34741 16.3 4.3 49 104000 70000
Williams 229500 184700 32400 17.5 1.4 49 91000 61000
Beverley 231000 157000 41067 26.1 2.6 53 83000 52000
York N/A 135600 38311 28.3 2 53 72000 45000
Boddington 193200 63800 5633 8.8 0 or N/A 49 31000 21000
Tambellup 143700 131100 35912 27.4 6.6 53 69000 43000
Total area 4818600 3703700 864322 22.5 4.2 57 2116000 1222000
Table 2.0.1. Total area, area of freehold land, area and percentage of freehold land in crop and percentage of freehold land that 
is affected by salinity, percentage of freehold area potentially suitable for cropping and 2004 estimated area for sustainable 
annual cropping in the high rainfall (450−700 mm annual rainfall) zone of south-western Australia.
A The estimates of total area of holdings suitable for cropping are based on the land capability of different shires from Resource Management 
Technical Reports of Western Australian Department of Agriculture Nos. 243, 232, 235, 236 and 274 , and Land Resources Series No. 14 and 16. 
*salt affected freehold land.
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Photo 2.2.1. Sandy duplex over clay at Cranbrook.
Photo 2.2.4.  Loamy gravel duplex at Orchid ValleyPhoto 2.2.3.  Sandy loam duplex at Boyup Brook.
Photo 2.2.2.  Grey, deep sandy duplex over clay at Boscabel.
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2.2. Soils
Most of the area in the HRZ lies within 
the Avon soil-landscape province 
and sits largely within the Southern 
Zone of Rejuvenated Drainage, the 
southern Zone of Ancient Drainage 
and the Eastern Darling Range Zone. 
It can be characterised as a lateritic 
plateau dissected by rivers including 
the Swan-Avon and the Blackwood. 
The westerly part of the HRZ contains 
large remnants of undulating plateau 
covered by deeply weathered lateritic 
soils. Valleys are dissected into the 
underlying granitic bedrock by the 
Blackwood River and its tributaries. 
The soils on the plateau remnants are 
yellow and pale sandy gravels and 
yellow loamy gravels with small areas 
of yellow and pale deep sands. There 
are also areas of red-brown and yellow 
brown loams grading to clays and grey, deep, sandy 
duplex soils. Between the plateau remnants are valleys 
or areas of undulating rises and low hills covered with 
yellow loamy and sandy gravels and yellow and red 
loamy duplex soils (McArthur et al. 1977). 
The Zone of Rejuvenated Drainage is an erosion surface 
of gently undulating rises to low hills. The zone extends 
from Three Springs in the north, to Tambellup in the 
south, bounded by the eastern Darling Range Zone to 
the west and the Southern Zone of Ancient Drainage 
along the Meckering Line to the east.  The rises and low 
hills are capped with sandy gravels and loamy gravels 
with uncleared native vegetation and are surrounded 
by breakaways. Grey, deep, sandy duplex (texture 
contrast) soils dominate the slopes and valley fl ats. 
These soils have mottled yellow, grey or less commonly, 
brown to reddish brown or loamy duplex soils, which 
are common on the slopes and are formed on weathered 
dolerite or gabbro. The soils in the broad alluvial valleys 
are usually grey sandy duplexes and are often affected 
by salinity.
The most common soil groups are listed in Table 2.2.1. 
The grey deep sandy duplex soils account for about half 
of the area. Among the duplex soils, about two thirds 
are moderately drained and the rest are poorly drained 
and subject to the risk of waterlogging and secondary 
salinity. Rocky and stony soils account for one quarter 
of the area and include outcrops of granite, dolerite, 
quartz and hard ironstone. Deep sands, loamy duplex 
soils and wet or waterlogged soils, including saline soils, 
represent 9% each. Loamy earths and clay soils occupy 
about 3% of the area.
2.3. Land capability
Land management units are defi ned as “parcels of 
land, with common soils and landforms, which should 
be managed similarly in order to maximise their 
production and minimise land degradation”. Twelve land 
management units have been identifi ed in the HRZ and 
are shown in Table 2.3.1. The moderately to well drained 
sandy duplex soils, loamy duplex soils, and red and red-
brown soils are highly suited to annual cropping. Deep 
sands are also suitable for cropping, but liming is required 
to combat soil acidity. Poorly drained duplex soils in the 
valleys and large, fl at areas have low cropping capability 
due to persistent waterlogging, salinity and high frost 
risk. Gravel soils are also not suitable for cropping due 
to limited water holding capacity and water repellence. 
Salt-affected areas and rock outcrops are not suitable 
for cropping and should be fenced off. 
Photo 2.3.1.  Moderate to well drained sandy and loamy duplex soils in the 
HRZ are suited to annual cropping.
Table 2.2.1 Major soil types and their percentage in the 
HRZ of Western Australia
Soil groups AreaA Percentage 
of the areas
Sandy Duplex soils 814571 46
Deep sands 151704 9
Loamy duplex 162268 9
Loamy earths and clay 53207 3
Wet or waterlogged soils 155223 9
Rocky or stony soils 446956 25
Total 1783929 100
AThe areas are adopted from Percy (2000) and DAWA Resource 
Management Report Nos 235, 242, and 274.  They cover Katanning, 
Kojonup, Frankland, West Arthur, Wagin, Cranbrook, Tambellup 
shires, and parts of Boyup Brook, Williams and Narrogin shires. 
The other shires are not included due to lack of data.
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2.4. Farming systems
The proportion of the farm in crop has been steadily 
increasing in the HRZ in response to low returns from 
the animal enterprises.  The increase has been moderated 
by the investment in capital items required for cropping 
such as seeders and harvesters.  As a consequence of a 
number of factors including static grain prices, steady 
meat prices and availability of cropping land, this 
appears to have reached a plateau in the early 2000s 
with farmers cropping between 10% and 50% of their 
farms each year.  Oats and canola were the two most 
common crops sown until 2000.  However, estimates 
for the Cranbrook, Kojonup and West Arthur shires in 
2004 show that the area sown to wheat and barley is 
increasing, with the greatest area of crop being canola 
(47100 ha), followed by barley (47000 ha), wheat 
(43500 ha) and oats (22000 ha).  This is a refl ection of 
predicted crop markets, disease outbreaks (e.g. stripe 
rust in wheat in 2002 refl ected in lower plantings in 
2003) and individual farmer rotations in specifi c years.
Farmers are becoming increasingly fl exible with regards 
to overall area and/or type of crop sown in the HRZ. 
Flexibility is required to control disease (e.g. take-all 
(Gaeumannomyces graminis var. tritici) in wheat, blackleg 
(Leptosphaeria maculans) in canola), with wheat and 
barley followed by a break crop, and the second cereal 
on wheat or barley generally being oats.  Flexibility is 
also required with seasonal and/or market conditions. 
Conducive conditions enable the farmer to increase 
overall area or type of crop.  There are also benefi ts 
from increased soil nitrogen (N) nutrition with pastures, 
pulses and grain legumes in the rotation.  Many farmers 
in the area will continue to have sheep and pastures in 
their farming system.  This fact, and new pulse options, 
Table 2.3.1.  Land management units, the percentage of total land area in high rainfall, position in landscape, associated major soil types, 
and land capability.
Land management unit
Percentage 
of total area Landscape position Main soils and their characteristics
Land capability and 
limitations
Moderately drained 
sandy duplex
31 Crests, upper and 
lower slopes
Sand or sandy loam over clay at 10-60 cm, seasonally perched 
watertable common
High capability for 
cropping
Poorly drained sandy 
duplex
16 Lower slopes, drainage 
lines and broad valley
Sand or sandy loam over clay at 10-60 cm – clay may be blue/
grey in colour or very mottled, very wet in winter months. 
Perched watertable persists for long period
Low capability, 
waterlogging and 
salinity
Red to red-brown soils, 
loamy clay and clay
17 Upper to lower slopes Reddish brown sandy loams over clay or grading to clay at 
10-20 cm; red or reddish brown clay loam or grading to red 
clay at depth
High capability for 
cropping
Pale deep sand 4 Crests and slopes Pale grey or white sands deeper than 80 cm; low fertility and 
low water holding capacity
Fair capability, low 
fertility, low nutrition
Yellow and brown deep 
sand
2 Valley fl oors, often as 
low dunes and lunettes 
and slopes
Yellow or brown sand deeper than 80 cm; low fertility Good capability for 
cropping
Salt-affected land 6 Valley fl oors, drainage 
lines and saline deeps 
on hillslopes
Various soil types Very low capability of 
cropping, salinity
Gravel ridges and 
slopes
18 Hillcrest and upper 
slopes
Ironstone gravel overlying clay or hard ironstone Low capability, low 
water storage and 
shallow rooting depth
Mallet hills 2 Upper slope and ridges Water repellent soils, often acidic Low capability for 
cropping
Rock outcrops 2 Outcrops of granite, 
dolerite, quartz and 
hard ironstone
Not suitable for 
cropping
Salt lakes 1 Salt lakes Variable soils Not suitable for 
cropping
Photo 2.4.1. Canola is one of the most common crops grown 
in the HRZ.
Photo 2.4.2. Canola at Kojonup in late September 2003 
which yielded 4 t/ha.
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will ensure farmers rotate herbicide groups, decreasing 
the reliance on herbicides with the same mode of action, 
and thus the onset of herbicide resistance.  
However, weed resistance to herbicides is increasing 
(see section 7).  Farmers realise that herbicide resistance 
is a real threat to the cropping enterprise and some are 
rotating herbicide groups for weed control.  For example, 
they do not apply Group A herbicides like Diclofop® 
and Clethodim® in two consecutive years, and use 
Spray.Seed® (Group L) with glyphosate (Group M and 
N) as a preseeding knockdown.  District agronomists 
are trying to ensure that all farmers rotate herbicide 
groups.
Farmers in the HRZ are struggling to develop 
economically viable and environmentally sustainable 
farming systems. Cereals are the core of all cropping 
rotations in the region and canola is increasing in 
popularity, but due to high disease pressures experienced 
in the high rainfall areas, other high value legume/pulse 
options are being sought to expand the rotation.  Lupins 
and fi eld peas are still grown in the crop rotation in small 
areas.  However, plantings are not predicted to increase 
with current varieties and species as they consistently 
produce low yields.  Trial results and farmer observations 
show that lupins in the HRZ produce high biomass, but 
low and unreliable yields, as a result of leaf diseases, 
and fl ower and pod drop.  Moreover, limited suitable 
soil types, unsuitable existing varieties, unfavourable 
environmental conditions, and in the case of fi eld peas, 
dissatisfaction with grower contracts, limit the adoption 
of grain legumes.  A trial conducted in Cranbrook in 
2001 by DAWA showed that lupin yields can vary widely 
in the HRZ depending on management. With wide 
rows and low seed rates (72 cm, 50 kg/ha seed) and low 
fertiliser rates (49 kg/ha triple superphosphate, TSP), 
yields of Tanjil lupins as low as 0.2 t/ha were achieved. 
With narrow rows (18 cm, 100 kg/ha seed) and high 
rates of fertiliser (73 kg/ha TSP), yields were increased 
to 1.5 t/ha.  Narrow rows and high rates of fertiliser also 
promoted early canopy closure that resulted in fewer 
aphids landing and low incidence of virus.  For example, 
bean yellow mosaic (BYMV) infected 61% of the plants 
sown at 72 cm spacing, but did not infect those sown at 
18 cm spacing.  
2.5. Risk of waterlogging
Waterlogging is caused by three major processes:
1) surface water entering the soil profi le faster than it 
can infi ltrate and drain, resulting in ponding of water 
on the surface; 2) perched water caused by clay subsoils 
in duplex soils preventing subsurface drainage; and
3) discharge from permanent groundwater systems 
where the hydraulic head is at or above the ground 
surface. Excess rainfall over evapotranspiration in winter 
months, low slopes and semipermeable clay subsoils are 
the major factors contributing to waterlogging. 
Many soils can be affected by subsurface waterlogging 
that is not readily visible. Subsurface waterlogging can 
reduce grain yields of wheat by 40% as a result of the 
reduced tiller development and fewer ears (Zhang et al. 
2004). The risk of subsurface waterlogging in the HRZ 
has been based on the excess of rainfall over potential 
evapotranspiration (calculated as the combination of 
water that evaporates from the surface of soils during 
crop growth (evaporation) and water taken up by the 
roots and evaporated from the leaves (transpiration)) 
and the slope of the land using the following rules:
1. With no slope of the land, approximately 50 mm 
of rainfall in excess of potential evapotranspiration 
during the period from June to August induces 
mild waterlogging.  Excess rainfall over potential 
evapotranspiration greater than 100 mm induces 
severe waterlogging.
2. If the rainfall during June to August is between 40 
and 50 mm in excess of potential evapotranspiration, 
severe waterlogging is induced in areas with a slope 
of less than 1o and mild waterlogging in the areas 
with a slope between 1 and 1.5o.
3. If rainfall during the winter months is 50−100 mm 
in excess of potential evapotranspiration, severe 
waterlogging occurs in areas with a slope of 1.5o and 
mild waterlogging in areas with a slope of 1.5 to 3o.
4. If rainfall during the winter months is 100 mm in 
excess of potential evapo transpiration, severe 
waterlogging occurs in areas with a slope of less than 
2o and mild waterlogging in areas with a slope of 2o 
to 4o.
Based on these rules, waterlogging risk maps for the 
HRZ for wet, dry and average rainfall years are shown in 
Fig. 2.5.1. In average rainfall years, the risk of 
waterlogging is high on the western side of Albany 
Highway and in low fl at areas on the eastern side of 
the highway. Mild waterlogging can occur in areas 
with slope greater than 2o and severe waterlogging in 
lowland areas with slope less than 2o. In wet years (1 
in 4 years), the area prone to waterlogging expands 
eastward. Shires of Narrogin, Woodanilling and parts of 
the Katanning and Broomehill shires can be subjected to 
mild to severe waterlogging. In dry years (1 in 4 years), 
the risk of waterlogging is much less for most of the 
HRZ and occurs only on the western edge of the HRZ. 
Photo 2.5.1.  Subsurface waterlogging in 2002.
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2.6. Yield potential
The yield potential of a crop is defi ned as the yield of a 
cultivar constrained only by radiation, temperature and 
rainfall, with no waterlogging, nutrients non-limiting 
and pests, diseases, and weeds effectively controlled. 
The higher and more reliable rainfall and longer growing 
season in the HRZ should result in much higher potential 
yields of major crops compared to the low and medium 
rainfall zone of the wheat belt. 
The French and Schultz (1984) method has been 
widely used as a ‘rule of thumb’ to estimate water-
limited yield potential in the low and medium rainfall 
zone of the wheat belt based on either actual water use 
or growing-season rainfall from May to October. The 
French and Schultz method based simply on growing-
season rainfall needs to be used with caution in the HRZ 
because a considerable amount of water can be lost 
through drainage, surface and subsurface fl ow. By the 
French and Schultz (1984) method, cereal yields in the 
450-700 mm annual rainfall zone should potentially be 
between 4.5 and 8 t/ha and canola, 3−4 t/ha. This assumes 
that, on average 100 mm of the annual rainfall falls 
outside in the growing season, soil evaporation during 
the growing season is 110 mm, 15% of the growing 
season rainfall is lost through deep drainage when the 
annual rainfall is higher than 500 mm, and the water 
use effi ciency for grain production is 20 kg/ha/mm for 
wheat and 12.5 kg/ha/mm for canola. 
Using the calibrated models and 100 years of weather 
data (1900 to 2000), we simulated the cumulative 
probability distribution of crop yields for spring wheat 
and canola for a loamy sand duplex soil at fi ve locations 
in the HRZ assuming that no waterlogging occurred 
during the growing season.  The simulated potential 
yield of wheat in the region ranged from 3.5 t/ha to 
6.7 t/ha over 100 years with an average (50% probability) 
potential yield of 4.8−6.2 t/ha. The simulated potential 
yield for canola in the region ranged from 2.2 to 6.7 t/ha 
with an average of 3.0−4.0 t/ha (Table 2.6.1).
The CSIRO fi eld experiment in Kojonup from 2001 
to 2003 and trials with DAW673 showed that the high 
yield potentials of wheat and canola are achievable.  For 
example, yields of wheat reached 5.5-5.9 t/ha and canola 
reached 3-4 t/ha at Kojonup when waterlogging was 
minimal (Table 2.6.2).
Table 2.6.1.  The potential yield (t/ha) of wheat and canola in different shires of the HRZ in dry, average and wet years. 
The potential yield was estimated using the APSIM-wheat and APSIM-canola models and a 160 cm soil profi le with maximum 
available water of 140 mm.
Katanning Kojonup Williams Frankland Boyup Brook
Wheat 
1 in 4 years (drier than average) 3.5 3.6 4.4 5.2 5.6
1 in 2 years 4.8 5.4 6.0 5.7 6.2
1 in 4 years  (wetter than average) 6.2 6.2 6.6 6.4 6.7
Canola
1 in 4 years  (drier than average) 2.2 2.4 3.5 3.8 3.6
1 in 2 years 3.0 3.1 3.7 4.0 3.8
1 in 4 years  (wetter than average) 3.8 3.9 4.0 4.2 3.9
Photo 2.6.1.  High yielding barley at Kojonup during 2003 
which yielded 5.9 t/ha.
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A benchmark survey in the HRZ showed that the 
current yields of major crops averaged from 1996 to 
2001 were 2.7 t/ha for wheat, 2.4 t/ha for barley, and 
1.4  t/ha for canola (Hill and Wallwork 2002). These yields 
are only about 50% of the potentials estimated above. 
This indicates farmers in the HRZ are only achieving 
half the potential yields for the region.  The yield gap 
between the current yields and potential yields in the 
HRZ indicates that the opportunity exists to lift current 
yields.  The recent DAWA and CSIRO projects have 
aimed to identify the reasons for the yield gap between 
actual and potential yields in the HRZ.  The principal 
constraints identifi ed by the projects include transient 
waterlogging, limited availability of nutrients, soil 
acidity, and limited root penetration into the clay subsoil, 
thereby restricting water extraction.  For example, the 
baseline study showed that in the HRZ farmers applied 
only 50−70 kg N/ha for wheat, canola and barley (Hill 
and Wallwork 2002). This is only about half of the N 
requirement for a target yield of 6 t/ha of wheat and 
3.5 t/ha of canola.  Moreover, subsurface waterlogging 
is a widespread constraint to crop production in average 
and wet years and can reduce wheat yields by 40% 
(Zhang et al. 2004).
 
Table 2.6.2 Dry matter (DM) at maturity, grain yield, harvest index (HI) and yield components of spring wheat and canola from 
2001 to 2003 (Zhang et al. 2005a). 
DM at 
maturity Yield HI
Ears/m2 or 
pods/m2
Grains/ear or 
seeds/plant Grain weight
(t/ha) (t/ha) (mg)
Wheat
2001 14.6 5.5 0.38 521 32.0 36.2
2002 12.0 3.4 0.28 308 27.5 48.5
2003 16.5 5.9 0.36 503 26.6 45.4
LSD (P = 0.05) 0.28 0.6 0.04 47   n.s. 3.3
Canola
2001 13.2 3.3 0.25 6930 1646 3.76
2002 11.4 4.0 0.36 6560 2280 3.55
2003 13.0 2.6 0.2 6220 1202 3.50
LSD (P = 0.05) 0.13 0.6 0.03    n.s. 516  n.s.
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Farmers’ experience shows that successful cropping 
in high rainfall areas is dependent on selection of well-
drained soils with at least 50 cm rooting depth.  Nutrition 
and management of root diseases through grass weed 
control prior to the crop, and crop rotation are essential. 
Leaf diseases such as Septoria nodorum, Septoria tritici, 
Rust (Puccinia spp.) and Yellow Spot (Pyrenophora tritici 
repentis) must also be managed through crop and varietal 
tolerance and/or by chemical control.  
Choosing the best paddock to crop is the fi rst and most 
obvious way of increasing average farm yield, and 
farming to soil type is the most profi table, sustainable 
system for achieving the potential of the farm.  Farmers 
can subdivide their farm into good, medium and poor 
soil types for cropping, although fencing to soil type 
can sometimes be diffi cult because the areas of each soil 
type are often small and irregular in the HRZ.  Farm 
planning workshops have helped farmers plan paddocks 
and fence lines to coincide with soil classes and 
landscape features, thus allowing for increased adoption 
of ‘farming to soil type’.  The most obvious example 
where this has been advantageous has been the fencing 
off of waterlogged and saline areas and refraining from 
cropping these areas.  The ‘Sustainable Grazing on 
Saline Lands Producer Network’, a project funded as a 
joint investment between Australian Wool Innovation, 
Land and Water Australia, Meat and Livestock Australia 
and DAWA, have been active in helping local producer 
groups take advantage of opportunities to develop their 
knowledge of salt land pastures in a bid to gain some 
productive use of land affected by salinity.  They have 
encouraged the sowing of waterlogged and saline areas 
to perennial grasses, herbs, and annual and perennial 
legumes like Rhodes grass, chicory and tall wheat grass. 
Inter rowing of grasses with lucerne, and under sowing 
grasses with balansa clover has been encouraged.
Current research on waterlogged and saline tolerance 
of crops shows that in the future, susceptible paddocks 
could be sown to tolerant crops.  Trials on tolerance of 
waterlogging and salinity show that genetic diversity does 
exist between crop species and different mechanisms of 
tolerance are important depending on the stage of crop 
development at which waterlogging occurs. Preliminary 
studies in 2003 (Waters and Setter 2003) with wheat and 
barley showed that waterlogging during germination 
and seedling establishment affected fi nal yields the 
most, with wheat seed survival from waterlogging 
(68%) greater than barley (41%), although signifi cantly 
less than imported wheat lines especially selected for 
waterlogging tolerance (84%).  The most tolerant 
varieties at the early stages of development didn’t always 
have the greatest yields at maturity, indicating that grain 
yield is not only dependent on waterlogging, but on all 
stresses during the growing season.  The highest yields 
of WA barley varieties were achieved with Fitzgerald 
(47% seed survival) and Molloy (33% seed survival), 
both with grain yields of 1.8 t/ha.  The highest wheat 
yields achieved under waterlogging were Champtal 
(1.3 t/ha) and Cunderdin (1.2 t/ha).  
3.1. Soil constraints
3.1.1. Low soil fertility
The sandy surface of duplex soils is usually defi cient 
in major and minor nutrients and low in soil organic 
matter. In the HRZ, the predominant sandy duplex soils 
with dense impermeable subsoils experience transient 
waterlogging during the winter months and lose nitrogen 
through leaching and denitrifi cation. A wheat crop 
producing 6 t/ha of grain, will utilise 140 kg N/ha.  The 
required nitrogen must be supplied from mineralisation 
of soil organic residues, the previous legume residues, or 
from nitrogen fertilisers.
Failure to adequately address nitrogen nutrition 
will signifi cantly reduce crop yields. 
In the HRZ, annual pastures with subterranean clover 
and annual grasses has been the dominant land use 
and 2-3 years of pasture rotating with annual crops 
is common.  Legume-based pastures can provide part 
of the nitrogen required by a crop, but is probably 
insuffi cient to achieve 5−6 t/ha of wheat and 3−4 t/ha 
of canola.  With increasing cropping frequency, the 
effective source of legume nitrogen for following crops 
is gradually diminished. In the medium rainfall zone, 
Mason and Rowland (1990) found that the yield of 
wheat in clover-wheat rotations responded to additions 
of nitrogen up to 120 kg/ha.  It is expected that yield 
responses to additional nitrogen will be greater in 
the HRZ.
Phosphorus is the second most important nutrient for 
crop growth.  In the HRZ, many soils have high reactive 
iron levels derived from lateritic materials which can 
have a high phosphorus-fi xing capacity.  In these soils, 
phosphorus is strongly bound to the soil particles making 
it unavailable to the crop.  Grey deep sands and sandy 
surfaced duplex soils can also be defi cient in potassium. 
3.1.2.  Waterlogging
Waterlogging is a major constraint to crop production in 
the HRZ of south-west of Western Australia (McFarlane 
et al. 1992; Zhang et  al. 2004b). Waterlogging, the 
presence of excess water in the root zone of plants, 
results in poor soil gas exchange and anaerobic 
conditions when the oxygen level in soil falls below 8% 
of total soil volume. In the HRZ of southern Australia, 
transient waterlogging occurs primarily during the 
winter months in texture-contrast duplex soils, where 
rainfall rapidly penetrates through the sandy topsoil and 
3 . 0 .  S I T E  S E L E C T I O N
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accumulates above the compacted clay subsoil which 
has low hydraulic conductivity. These waterlogging-
prone duplex soils often form a transient perched 
watertable many metres above the groundwater (Zhang 
et al. 2005b). Waterlogging is most damaging to crops 
in soils with shallow, sandy topsoil over clayey subsoil 
which is usually within 50 cm of the soil surface. Water 
lies on top of the subsoil and kills the deeper roots. Most 
damage occurs when the water is within 30 cm of the 
soil surface during the period when the crop is growing 
rapidly.  About two-thirds of the soils in the HRZ have 
perched water within 30 cm of the soil surface at some 
time during the season in years with average rainfall. 
Waterlogging-prone areas are estimated to cover about 
1 to 2 million ha in Western Australia (Short and 
McConnell 2001) and the area may be considerably 
larger if the hidden subsurface waterlogging is added. 
The majority of these areas are in the high rainfall 
zone. 
Waterlogging can kill plant roots and delay root 
extension, resulting in less water and nutrient uptake. 
Leaching and denitrifi cation reduce the amount of 
nitrogen available to the crop and cause nitrogen 
defi ciency, which is seen as a yellowing of the old leaves 
in winter. 
During tillering, waterlogging signifi cantly reduces 
tiller numbers in wheat and substantially reduces 
dry matter accumulation and yield as a result of 
reduced ears per unit area.
Compared with wheat grown on well-drained soils, 
yield losses from waterlogging range from 30−55% for 
spring wheat in Western Australia.  Figure 2.6.1 shows 
that in 2002, waterlogging during tiller development 
(60-70 days after sowing) signifi cantly reduced tillers 
per plant compared to with 2001 and 2003, when no 
waterlogging occurred during tiller development.
The yield reduction of wheat under waterlogging 
conditions has been mainly attributed to the decrease in 
the number of ears per unit area resulting from reduced 
fertile tillers per plant (see Figure 3.1.1.). 
Figure 3.1.1. Effect of waterlogging on tiller development of 
wheat (cv. Wyalkatchem).  Subsurface waterlogging occurred 
for 10 days during tillering (early July) in 2002 while no 
waterlogging occurred in 2001 and subsurface waterlogging 
was present after tillering in August 2003. (adapted from 
Zhang et al. 2004 and unpublished data).
Drainage is the best way to overcome waterlogging 
in higher points in the landscape.  Many duplex soils 
are on slopes, which can be drained using interceptor 
drains. Raised beds can be used to channel excess water 
from the beds in fl at areas with slope less than 1.5 per 
cent (Hamilton et al. 2005).
3.1.3.  Soil acidity
Acidifi cation of soils also presents a major agricultural 
problem in the HRZ of south-western Western 
Australia. One of the key causes of acidifi cation of 
the soils in southern Australia is the acid produced in 
the nitrifi cation process following entry of nitrogen 
to the soil-plant system by either fertiliser nitrogen or 
biological nitrogen fi xation of subterranean clover and 
subsequent leaching of nitrate from the root-zone. Some 
producers in the HRZ may have repeatedly applied 
superphosphate to legume-based pastures to improve 
productivity, but they now face the prospect of declining 
production, due to increased acidity of their soils. If the 
pH (measured in CaCl2) of the top soil is below 5.0 
and the subsoil below 4.8, acidity is almost certainly 
affecting crop and pasture performance. The soils most 
susceptible to acidifi cation are sandy, highly-leached 
soils, including sandy duplex soils and pale deep sands 
because these soils have low soil organic matter and 
have little resistance to pH change (termed buffering 
capacity).  It is estimated about 54−67% of the soils are 
at moderate to high risk of acidifi cation.
Photo 3.1.1. Waterlogged wheat.
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The main result of acidity is aluminium toxicity that 
retards root growth, leading to stunting, thickening, and 
browning of roots, and consequently reduced nutrient 
and water acquisition, and depressed yield. The yield 
penalty in soil where the pH is less than 4.7 is of the 
order of 20−100% with wheat and barley.  Liming raises 
the pH to a desired level, which for cereals and canola 
is in the range 5.0 to 6.5.  The lime should be applied 
3-6 months ahead of planting the crop, especially on 
very acid soils, to allow enough time for the lime to react 
with the soil (Glendinning 2000).  High concentrations 
of manganese, reduced uptake of magnesium, calcium, 
and potassium and decreased availability or uptake of 
phosphorus and molybdenum may also be associated 
with low pH. 
3.2. Rotation
The best paddocks to crop are those that will respond 
to improved management and greater inputs.  Lower-
yielding paddocks should be left in pasture unless the 
cropping constraint is easily identifi ed and resolvable. 
Soil amelioration may be economically viable if low 
cropping performance is a refl ection of fertility (lime, 
deep cultivation, gypsum, raised beds, and green 
manure, as appropriate). With the right choice of 
rotation and minimum tillage, more intensive cropping 
need not degrade the soil.  
Until recently, it was advocated that the good cropping 
paddocks should stay in a short pasture/crop rotation 
(e.g. legume pasture/cereal or pasture/cereal/cereal/
pasture).  Improved crop varieties and the introduction 
of high yielding canola varieties have ensured that 
cropping in the HRZ can become more intensive and 
paddocks can be cropped more often.  
While some rotation of crops is common, the key now 
to maximising profi tability is to maintain fl exibility in 
the rotation and overall area sown to crops.  Seasonal 
conditions and commodity prices are the key drivers of 
the need for fl exibility in decision making.  For example, 
an early break to the season is a good opportunity to 
maximise canola production as canola yields benefi t 
from a long growing season. Conversely, a late, dry start 
may result in a cut back in canola area and an increase 
in the area of barley, wheat or pasture.  
Currently farmers do not observe a set rotation.  The 
only trends are the inclusion of a break crop for disease 
control, weed control and nutritional benefi ts, and a 
perceived trend to tighter cropping rotations, sometimes 
associated with “no livestock” farming.  With the latter, 
the high cost of fertiliser N may encourage farmers to 
look for legume nitrogen rather than buying nitrogen, 
and a profi table legume crop in the farming system that 
uses current harvesting equipment would be benefi cial, 
although none can be recommended at present.
Examples of current rotations are: 
• pasture/canola/wheat (barley), 
• pasture/wheat/canola/barley/oats/hay 
(under sown pasture)/pasture
• pasture/wheat/canola/barley/oats/lupins/wheat/oats/
hay (under sown pasture)/ 5 years pasture
• pasture/canola/barley/oats/lupins/wheat/oats
• canola/wheat/lupins/barley 
(continuous cropping rotation)  
Canola is an ideal break-crop out of the pasture phase 
for cereals.  The ‘bio fumigation’ properties of canola 
are reported to suppress the development of soil-borne 
pathogens that attack cereal crops such as Take-all 
(Gaeumannomyces graminis var. tritici) and Rhizoctonia 
(Rhizoctonia solani), although canola does host root 
lesion nematodes like Pratylenchus neglectus.  Pratylenchus 
neglectus can cause yield losses of over 40 % if populations 
are high and intolerant varieties are sown late, but most 
losses are much smaller, being around 15 per cent. 
Triazine tolerant canola, which is sown if wild radish 
(Raphanus raphanistrum) is a problem, has been the most 
popular type of canola in the southern HRZ due to the 
rotational weed control benefi ts.  These varieties offer 
the convenience of simple cost-effective broad-spectrum 
pre- and post-emergent weed control thus supporting 
very early sowing without the risk of poor weed control. 
The Triazine tolerant canola package is also very easy to 
follow and simplifi es the cropping program.
The benefi ts of rotation compared with continuous 
cereal cropping are: 
• Improved soil fertility - legumes increase nitrogen 
availability, many nutrients like potassium are 
recycled, and soil structure is improved.
• Complementary soil water use - a cereal may leave 
water stored for use by a subsequent lucerne stand.
• Reduced depletion of soil organic matter and 
degradation of soil structure. 
• Integrated weed management through rotation of 
herbicides from different groups, grazing and other 
methods like green manuring.
Photo 3.1.2.  Spreading lime on sandy duplex soil at 
Cranbrook in 2002.
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Crop germination and emergence both require moist 
and warm soil, and are affected by the ability of the seed 
to germinate (vigour, quality and size), seed treatment, 
quality of the seed bed, sowing depth, diseases, pest 
damage and temperature.  Crop establishment refl ects 
the proportion of seeds that emerge as seedlings and 
their subsequent survival.  Crop growth is a change 
in crop size or weight and can mainly be controlled 
through infl uencing the size of a crop’s green canopy. 
Alterations in growth during different phases of crop 
development have quite different effects on eventual 
crop form and productivity.  
Seeding rate, seed treatment, stubble management and 
retention, machinery and seeding technology and canopy 
management are options that affect crop establishment 
and growth.  Other factors that infl uence crop 
establishment, growth and fi nal crop yield include crop 
nutrition and management, diseases, pests and weeds. 
• Disease control through breaking of disease cycles 
- grass-free break crops are necessary to remove 
the Take-all before planting the wheat in the 
following year.
• Pest control - insect pests such as cutworm (Agrostis 
infusa) and webworm (Hednota sp.) can be controlled 
in rotation.
• Better use of capital equipment and labour may be 
possible if the components of the rotation are not 
competitive in their requirements. 
• More ‘up front’ management (fertiliser, weed control 
etc.), thus increasing effi ciency in the current season, 
particularly if it is too wet. 
• Diversifi cation of sources of income; particularly 
where pastures and livestock production form an 
important part of the farm system.
• Reduced contamination from self sown plants from 
previous crops.
Clovers are commonly under sown with oats for the 
purpose of establishing a persistent pasture for the ley 
pasture phase.  In fact, the inclusion of pasture legumes 
not only further increases the rotational complexity, but 
also allows for a diversity of income, producing returns 
that are higher than for lupins.  New high value pulse 
options are being evaluated for their potential in the 
rotation (see Chapter 5).
Photo 3.2.1.  Sheep and pastures will continue as part of farming systems in HRZ.
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To maximise grain yield, the seeding rate has to be high 
enough to ensure suffi cient plants are established.  If 
too few plants are established, the crop will not be able 
to capture all the available light.  If too many plants 
establish, the crop will create excess competition for 
light through excessive canopy development and have 
weak roots resulting in poor anchorage and lodging.  
Optimum plant population and seed rates required to 
maximise yield is infl uenced by the type of season, soil 
type, time of sowing, germination percentage of the 
crop species and sometimes variety.  For instance, early 
sowing requires higher seeding rates to compensate for 
the possibility of death from high April temperatures. 
As well, crops on clay loam soils require higher seeding 
rates but fewer plants (in general), to maximise grain 
yield than on sandy soils (Anderson et al. 2004).  This 
is the result of the lower establishment percentages that 
are common on heavier soil types (e.g. about 75 per cent 
on clays cf. about 85 per cent on sands at 150 plants/m2 
target population). 
Seed rate is based on seeds per square metre and 
adjusted for expected establishment.  As the plant 
population increases, grain yield increases until a yield 
‘plateau’ is reached.   With wheat, the ‘optimum’ seed 
rate can be defi ned as the point where an extra 1 kg of 
seed returns 10 kg grain (Shackley 2000).  
Photo 4.1.2.  Harvesting lodged Gairdner barley in 2001.Photo 4.1.1.  Canola at Arthur River in 2001. Excessive dry 
matter production only produced 1.9 tonnes per ha.
Photo 4.1.4.  Seeding trials at Orchid Valley in 2005.Photo 4.1.3. Seeding trials at Arthur River in 2002.
4.1. Seeding rate and tiller numbers for maximum yield 
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The ‘rule of thumb’ is that a minimum of 40-50 
crop plants/m2 are required under weed-free 
conditions for each tonne of expected yield 
(Anderson et al. 2004).  For any target population, 
the required seeding rate is determined using the 
calculation:  Seed rate = target plants/m2 x kernel 
weight (mg)/ expected establishment (%).  Seed 
rates of 140 kg/ha for clay soils and 120 kg/ha for 
sands are suffi cient to reach the target number of 
tillers in the HRZ.  
Plant damage or loss over winter may occur due to 
pest or disease damage, poor or impeded drainage and 
waterlogging leading to poor root depth.  By the end of 
winter, the benchmark for establishment is 70%.  Very 
few deaths occur after this.  
Nutrition trials in 2002 (DAW 673) have highlighted 
the importance of management on crop establishment. 
For example, average canola plant establishment in 
that year was 98 plants/m2 at Arthur River and 
23 plants/m2 at Cranbrook with the same seeding rate of 
5 kg/ha; the poor establishment at Cranbrook was the 
result of fertiliser toxicity.  
Poor establishment does not always affect yield, 
providing conditions are suitable for compensatory 
tillering or branching.  The ability of the crop to 
compensate with tillers depends on the variety, nutrient 
availability (particularly N) and seasonal conditions. 
Trials conducted by DAW 673 have consistently shown 
that plant death from low nutrition range from 30% to 
60% (119 plants/m2 to 67 plants/m2), with more death in 
barley than wheat.
High dry matter at fl owering and ears per m2 are 
two major contributors to high yield.  A simple 
‘rule-of-thumb’ is that the crop produces 1 t/ha of 
grain for every 100 ears per m2. 
Studies in CSP 302 have shown that in wheat 
100 ears/m2 are required for each 1 t/ha of yield 
(Fig 4.1.1). To achieve this number of ears/m2 requires 
a high biomass at fl owering (Fig 4.1.1)  Assuming that 
in modern wheats 70−75% of the total number of tillers 
produce an ear, it is estimated that 600 to 670 tillers/
m2 at the maximum tillering stage are required to 
reach 5−6 t/ha.  Trials conducted in 2001-2003 at 
Arthur River, Cranbrook and Kojonup (CSP 302 and 
DAW 673) have shown that potential yields were 
achieved with maximum barley tiller populations of 
590-700/m2, maximum wheat tiller populations of 
620/m2 and 500-600 ears/m2 at maturity.  
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Figure 4.1.1. Relationship between yield of wheat and ear 
number per m2 at maturity and yield of wheat and biomass 
at fl owering in the HRZ of southern Australia. (adapted 
from Zhang et al. 2005a).
Photo 4.1.5.  Effects of seedling fertiliser toxicity on canola 
establishment.
Photo 4.1.6.  Compensatory growth of Canola from fertiliser 
toxicity causing poor seedling establishment.
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Poor establishment can be counteracted by using 
fertiliser N to encourage tillering and ear production. 
A trial was conducted on a site prone to waterlogging 
at Cranbrook.
There has been limited research on seeding rates 
for optimum grain yield in the HRZ in recent years. 
Anderson and Smith (1990) conducted experiments in 
1986/87 in eight locations throughout the HRZ, from 
Esperance to Mt. Barker.  They demonstrated that 
increasing seeding rates from the ‘traditional’ 50 kg/ha to 
100 kg/ha consistently increased yields.  This was more 
so in the more productive cultivars, where yields were 
increased by 12%, and this increase was a result of an 
increase in ear numbers.  It was therefore recommended 
that seeding rates should be increased since seed is a 
relatively cheap input, rates below 50 kg/ha can limit 
tiller numbers that produce an ear, and the harvest index 
does not change.  Further research on optimum seeding 
rates for the HRZ zone is required. 
There has been a trend for increased cereal seeding rates 
from an average of:
• 75 kg/ha of wheat to 100 kg/ha, 
• 50 kg/ha of barley to 75-85 kg/ha, and 
• 80 kg/ha of oats to 100-120 kg/ha.  
Growers can sow strips in the paddock at varied seeding 
rates and observe the differences in yield between 
strips.  
Experiments have shown no signifi cant differences in 
screenings at the different seeding rates.  This is because 
increased seeding rates produce plants with fewer ears 
that are more likely to produce a higher percentage of 
plumper grains (Newman and Weeks 2000).  Disease 
pressure, sowing varieties outside of their optimum 
times, excessive nitrogen nutrition for a low yield 
potential and a potential early fi nish to the season will 
have more impact on wheat screenings than high seeding 
rate alone.
Increasing cereal seeding rates is also an effective means 
of increasing crop competition and thus decreasing weed 
seed production.  Results have shown that doubling 
seeding rates from 60 kg/ha to 120 kg/ha can decrease 
ryegrass seed head production by between 30 and
50 per cent (Newman and Weeks 2000).  Higher seeding 
rates can also help compensate for the effects of reduced 
crop establishment caused by insect and herbicide 
damage. 
4.2. Disease and control methods
Wheat growers in the HRZ have experienced major 
outbreaks from foliar diseases such as stripe rust (Puccinia 
striiformis), stem rust (Puccinia graminis), powdery 
mildew (Erysiphe graminis), Septoria ( Septoria tritici 
and S. nodorum) and yellow leaf spot (Pyrenophora tritici-
repentis).  Barley growers have experienced outbreaks of 
leaf rust (Puccinia hordei), scald (Rhynchosporium secalis), 
powdery mildew (Eryisphe graminis) and net and spot 
type net blotch (Pyrenophora teres spp.). Smuts (Ustilago 
spp.), bunts (Tilletia laevis), and Take-all root disease are 
always present.  There is little doubt that foliar diseases 
have increased in severity through development of 
heavier, denser crop canopies as crop yields have 
increased.  Farmers have become increasingly reliant on 
fungicides to manage these diseases. 
Treatment Numbers/m2 in August Numbers/m2 in October Survival (%) GY (t/ha)
Plants Tillers Plants Tillers Plants Tillers
No Nitrogen 164 393 119 239 73 61 2.2
160 kg N/ha at seeding 170 425 110 228 64 54 2.2
53 kg N/ha at seeding, 
1st node and after 
waterlogging
178 568 111 426 63 75 3.5
Table 4.1.1.  Plant and tillers/m2 in August and October, survival and grain yield (GY) of Calingiri wheat at a waterlogged site 
at Cranbrook in 2003.  Nutrition treatments include No nitrogen, 160 kg N/ha at seeding and 53 kg N/ha on three occasions: at 
seeding, at 1st node, and after waterlogging (DAW 673).  
Photo 4.2.1. Net type net blotch on barley.
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Seed dressings, in-furrow fungicides placed on fertiliser 
drilled or banded at seeding, and foliar fungicides all 
help manage and control disease.  Seed-borne diseases 
can be prevented by seed dressings and long-acting seed 
dressings prevent early build up of some diseases such 
as leaf rust.  Different seed treatments have different 
spectrums and length of protection.  The outbreak of a 
new highly virulent race of stripe rust in 2002 and again 
in 2004 has seen the rapid adoption of seed treatment or 
in-furrow treatments to manage the disease.  Currently 
nearly all wheat varieties have low to moderate levels of 
resistance to this race of stripe rust.
Seed and/or fertiliser treatment with fungicides can be 
benefi cial if leaf rust infection occurs very early, for 
example from nearby infected volunteers. A trial in 
1999 at Katanning compared early season strategies in 
fungicide control to conventional foliar sprays (Jayasena 
et al. 2000).  Impact in Furrow® and Folicur® spray at 
late stem elongation both signifi cantly increased yield 
from 2.87 t/ha (untreated) to 3.17 t/ha (Folicur®) and 
3.18 t/ha (Impact in Furrow®), an 11% increase in yield, 
with an estimated profi t of $17/ha for Impact in Furrow® 
and $20/ha for Folicur® spray.
In many seasons, disease severity is low in the early stages, 
developing to moderate levels by the end of the season. 
In these cases, foliar applications of fungicides provide 
a more economic control.  Tilt® or other propiconazole-
based fungicides controlled spot-type net blotch on 
Gairdner barley, increasing yields by 0.6-1.3 t/ha, while 
Impact in furrow, Folicur® or Triad® were unable to 
adequately control it.  Crop rotation will remain the 
principal means of managing this disease. However, it 
is hoped to have fungicide options more clearly defi ned 
and registered for use in the near future. 
The results from the last few years indicate a more 
targeted approach to fungicide use at seeding is 
warranted.  Attention should be focused on situations 
of high risk in relation to varietal susceptibility and 
proximity to volunteer cereals. This has greater potential 
to capture benefi ts in management of the risk of stripe 
rust, and can be used in conjunction with use of fungicide 
sprays where required in spring to control later disease 
onset from leaf rust, Septoria, yellow spot or stem rust.
4.3. Stubble management 
and retention
Keeping stubble on the soil surface protects the soil 
from erosion, helps retain moisture, and allows organic 
matter to be recycled back into the soil. Generally, 
1.5 to 2 t/ha of stubble is left for each 1 t/ha of crop 
harvested (Pluske and Bowden 2005). Stubble protects 
the soil surface from wind and water erosion.  At least 
50% ground cover is required to minimise wind and 
water erosion and 30% of this needs to be anchored to 
the ground otherwise it will blow away in >50 km/hr 
winds (Findlater et al. 1990; Carter 2000). Stubble on 
the surface acts as mulch, helping to conserve moisture 
close to the soil surface. 
Nutrient levels in the stubble vary markedly, depending 
on soil fertility, management, yield, species, variety, frost, 
rain and grazing.  Retaining stubble keeps nutrients in 
the paddock, but they aren’t immediately available to 
the next crop. 
A healthy soil contains a variety of organisms including 
bugs, ants, beetles, worms, bacteria, fungi and 
nematodes.  While some of these organisms may cause 
crop disease others are benefi cial to soil structure and 
chemistry.  Benefi cial organisms break down stubble, 
recycle nutrients, glue soil particles together and help 
build soil structure required for water and nutrient 
fl ow. The benefi cial organisms require a food source, 
which can be provided by crop stubble. The stubble 
is broken down by soil organisms, which eventually 
die and break down, leaving the nutrients behind 
(mineralisation).  In the meantime, a lot of the soil 
nutrients, especially nitrogen can be tied up by the soil 
organisms (immobilised) during the process of stubble 
breakdown and hence these nutrients are unavailable to 
the crop.
The time taken for this residue to break down and be 
used by another crop depends on the relative amount 
of carbon and nitrogen in the stubble (the C:N ratio), 
the quantity of crop residue added to the soil and the 
environmental conditions, particularly temperature and 
moisture in the soil.  Stubbles with a C:N ratio in the range 
Photo 4.2.2.  Leaf rust on wheat.
Photo 4.3.1.  Direct drilling large scale canola trials into 
standing stubble at Arthur River in 2002.
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of 20 to 30:1 are in balance and mineralisation (organic N 
converted to available forms) and immobilisation (crop 
residues high in C and low in N are incorporated into 
the soil) generally occur at the same rate; ratios above 
this favour immobilisation and below this, mineralisation 
(Glendinning 2000).  Wheat straw has a C:N ratio of 
80:1, thus adding fertiliser N at seeding would supply 
the N requirement for mineralisation as practically no N 
is available from the stubble for the growing crop. 
4.3.2.  Stubble management and crop yields
A short term trial to investigate stubble management of 
the previous crop through burning windrows to reduce 
trash and increase crop establishment at Arthur River 
in 2003 by Bowden and Loss showed that not burning 
windrows gave better yields (4.8 t/ha) than burning 
windrows (4.4 t/ha), and both performed better than the 
inter-row area, in the presence and absence of adequate 
nutrition (Figure  4.3.1)
The biggest challenge to retaining crop stubble is to 
deal with machinery blocking up at sowing time.  Tined 
implements rake the stubble up, and the tines block 
up if there is not enough clearance to let stubble pass 
through.  This is worst when the stubble is moist.  The 
length of straw left in the paddock is as important as 
the total amount.  Long straw will bind together and 
block up much sooner than shorter straw.  Treating 
straw before planting time to reduce the length will help 
overcome many problems.  Disc openers are designed to 
cut through straw and so can generally handle stubble 
much better.  However, when the straw is thick and 
tough, and the soil is soft, the stubble is pushed down 
into the slot rather than cut by the disc.  This is called 
“hairpinning” and causes poor seed to soil contact.
If the stubble cover is very thick, or planting machinery 
leaves clumps of stubble across the paddock, emergence 
and growth of the crop through this stubble can be very 
poor.  Some plants produce toxins that hinder growth of 
plants nearby (allelopathy).  Straw from different types 
of crops, especially barley, can be allelopathic.
Most crop management systems in the HRZ use stubble 
retention, chiefl y for the benefi ts of erosion control. 
The implications for grain quantity and quality are quite 
well understood in the wheat belt proper but stubble 
retention needs further research in the HRZ.  Harvest is 
the critical time to manage stubble (e.g. cutting stubble 
short and spreading evenly after the header, raking and 
burning/baling header trails), but sowing machinery 
also needs to be adapted to improve fl ow through the 
machine.  Sheep or cattle can eat windrows of straw 
during summer.  Stubbles are valuable sources of animal 
roughage and fi t well into an integrated crop/animal 
farming system.
4.4. Machinery and 
seeding technology
Traditionally crop establishment techniques in the high 
rainfall zone involved a series of cultivation operations 
prior to sowing to loosen up the soil and kill weeds. 
With the advent of herbicides and new developments 
in seeding technology, establishment techniques have 
changed in the past 20 years from full cultivation to direct 
drill (minimum tillage) to no-tillage.  Minimum tillage 
systems have the advantage over full cultivation systems 
of improving the timeliness of sowing, soil structure, 
moisture conservation, crop safety when using residual 
herbicides, and the traffi cability of the paddock. 
No-till using knife points, and to a lesser extent, direct drill 
are now the ‘norm’ in the HRZ, and all farm-scale trials 
conducted as part of DAW 673 (11 in total) were sown 
with no-till farm machinery.  Farmers predominantly 
use standard combines (Shearer and Chamberlain 
TCD (trash cultivator drill) style machines), with 
only the bigger operators using air seeder technology. 
Farmers in the area have fi tted to their seeders a vast 
range of covering devices, the most popular being press 
wheels, fi nger tines and rotary harrows.  Water-limited 
potential yields for trials sown as part of this project 
have been reached when press wheels have been used 
as a covering device.  
While direct drill systems increase the reliance on 
Figure 4.3.1.  Grain yields of wheat for nutrients applied 
to the inter-row, unburnt windrow and burnt windrow of 
canola.  All nutrients (to supply a 6 t/ha crop) - 74 kg/ha N, 
10 kg/ha P, 65 kg/ha K, 25 kg/ha S, plus Cu, Zn, Mn and Mo. 
(Unpublished data from Bowden and Loss 2004 ).
Photo 4.4.1.  No-till combine fi tted with rotary harrows 
sowing trials in 2004 at Orchid Valley.
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herbicides for weed control, and hence increases the 
risk of herbicide resistance, adopting integrated weed 
management should prevent this happening.    Although 
farmers may observe a slight decrease in early crop 
vigour with minimum tillage systems in one in three 
years, timeliness of sowing and crop yields over the 
longer term are improved. 
Farmers using pre-sowing, residual herbicides have 
observed better and more well-timed early weed control 
as the chemical is acting throughout the critical stage of 
crop establishment and yield development.  No-tillage 
sowing machinery allows a 90-95% ryegrass control 
rate from applied herbicides.  At the same time, the 
establishing crop is protected from the herbicide as the 
chemical is thrown out of each furrow and on to the 
interrow.   The crop can also be protected by changing 
the speed of sowing and the type of covering device.
Some farmers argue that Rhizoctonia Bare Patch will 
increase with minimum tillage due to the lack of soil 
disturbance to cut the fungal hyphae in the soil.  Under 
these circumstances, it is necessary to remove grasses 
in the year prior to cereal crops, control volunteer 
grasses following the break of the season and apply 
adequate nutrients to promote vigour.  Rhizoctonia may 
not be as much of a problem over the longer term as 
the soil system can change under minimum tillage and 
promote an environment which favours the predators 
of Rhizoctonia.   
Occasional cultivation should be considered as an 
alternative to chemical weed control for rotational 
purposes.  Trials have shown that occasional deep ripping 
may also be required to increase yields on compacted 
soils in the HRZ.  A large scale trial on a sandy loam 
duplex (depth to clay ~ 40 cm) at Arthur River in 2003 
(DAW 673) showed that deep ripping to 40 cm prior 
to seeding in conjunction with increased nutrition 
(130 kg/ha N, 22 kg/ha P, 110 kg/ha K, 26 kg/ha S plus 
traces (nutrients to supply a potential 6 t/ha cereal, 
based on soil and plant analysis)) and liming (2.5 t/ha) 
increased yields by up to 68% over normal farming 
practice (55 kg/ha N, 18 kg/ha P, 40 kg/ha K, 18 kg/ha S). 
Similarly in 2004, on the same property, Carrolup oats 
yields were increased by 30% when plots were deep 
ripped to 40 cm 6 months prior to seeding in conjunction 
with increased nutrition (160 kg/ha N, 50 kg/ha P, 
60 kg/ha K, 22 kg/ha S plus traces) compared to
no-till and farmer nutrition (55 kg/ha N, 18 /kg/ha P,
40 kg/ha K, 18 kg/ha S). 
Photo 4.4.2. Air seeder sowing into stubble using no-tillage 
and press wheels in 2002 at Arthur River.
Photo 4.4.4.  Standard combine with presswheels sowing 
trials in 2002 at Cranbrook.
Photo 4.4.3.  Deep ripper used for large scale trial at Arthur 
river in 2003.
Photo 4.4.5.  Deep ripping, fertiliser and lime increased 
barley yields in 2003.
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4.5. Canopy management
Higher nutrition (especially N) used to boost crop 
yields in the HRZ has the potential to produce crops 
with excessive vegetative growth, often associated with 
lower harvest indices (ratio of grain to total biomass). 
However, nutrition calculated to be suffi cient for the 
target yield level can assist in allocating assimilates 
towards reproductive growth.
Plant Growth Regulators (PGRs) increase crop 
yield by allowing a greater allocation of assimilates to 
reproductive growth.  Research in the United Kingdom 
has shown that an early application of PGRs (at stem 
elongation), plus a late application (late stem elongation) 
can shorten stems by about 20% in cereals (Sylvester-
Bradley 2001). A trial conducted in 2002 as part of 
DAW 673 investigated whether PGRs reduced canola 
vegetative growth, increased harvest index, minimised 
lodging, and as a consequence, increased grain yield 
and quality.  There was a 27% reduction in the height of 
canola with the early (eight weeks post crop emergence) 
and late (12 weeks post crop emergence) application of 
the PGR Austar® (1 L/ha Paclobutrazol) (Figure 4.5.1). 
Although the number of branches, leaves and pods on the 
main stem, and pods on the branches were not reduced, 
height reduction was not associated with a signifi cant 
increase in grain yield over the control.  The research 
showed that PGRs for crop canopy management in 
canola did not increase yields.
Figure 4.5.1.  Plant height (m) and grain yield (t/ha) of canola 
with different canopy management treatments at Arthur River 
in 2002.
Photo 4.5.1 Canola height was reduced with plant growth regulators, but grain yield was not increased.
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Crop development is seen as changes in crop form bought 
about by passage through its life cycle (Sylvester-Bradley 
et al. 1997), defi ned by the Zadok growth scale (Table 
5.0.1).  The development rate at which wheat passes 
through its life cycle may only be managed at sowing 
through choice of variety and sowing date.  Subsequent 
management can only respond to development through 
infl uencing growth, particularly during the phases 
important to grain formation. 
Growth scales are a way of determining the growth stage 
of a crop and are useful when making decisions such 
as determining the safe time to spray a crop, revealing 
the growth stage to advisers so they can advise on 
management decisions, and sampling for plant nutrient 
analysis.  The Zadoks growth scale is a 0-99 scale of 
development based on ten growth stages (Table 5.0.1). 
The most important stages are Seedling growth (1), 
Tillering (2), and Stem Elongation (3) which span the 
time when most problems arise and most management 
decisions must be made.
5.1. Variety choice
The ‘E-variety guide’ developed by DAWA gives variety 
information for different Agricultural zones in Western 
Australia according to relative yield, disease and pest 
susceptibility.  Variety and time of sowing are discussed 
at length in the Crop Variety Sowing Guide (DAWA). 
This bulletin, produced annually, should be consulted 
for up-to-date information.
Knowledge of crop varieties recommended for the HRZ 
provide the opportunity to select varieties that maximise 
profi ts, attract premiums and yield more for particular 
farming systems.  Yield will be the major determinant of 
returns, but grain quality (protein percent, screenings, 
hectolitre weight, and weather damage) affect grade 
and price.
For a crop to fi t into the HRZ, it must be suitable for 
sowing as early as mid April, mature under relatively 
cool conditions, (~23oC) and have a season length of 
greater than 6 months (May – October).  As disease 
pressure is greater in the HRZ, varieties tolerant to leaf 
diseases like leaf, stem and stripe rust, yellow spot, net 
blotch and Septoria should be selected. 
Crop varieties have had an important role in yield 
improvement in the HRZ in recent years and new 
varieties will continue this improvement.  Crop 
production may be improved by selection of varieties 
that fl ower at the appropriate time from a range of 
sowing opportunities, have a better conversion of 
biomass to grain, have the capacity to store greater 
amounts of carbohydrates in the stem to buffer against 
dry fi nishing conditions, contain appropriate disease 
resistance, produce adequate protein levels, and have 
tolerance to weather damage and sprouting.  
Variety selection for the HRZ has been limited due 
to a greater emphasis on breeding for varieties suited 
to wheat belt conditions.  For example, it is suggested 
that the ideal wheat for the area is one that fl owers 
5 . 0 .  C R O P  D E V E L O P M E N T  
0 Germination Z0-Z09 – Dry seed to fi rst green leaf at tip of coleoptile
1 Seedling growth Z10-Z19 – First full leaf to nine leaves emerged
2 Tillering Z20-Z29 – Tillers on mainstem to tillers on mainstem and nine more
3 Stem elongation Z30-Z39 – Youngest leaf sheath to fl ag leaf ligule just visible
4 Booting Z40-Z49 – Flag leaf sheath extending to fi rst awns visible
5 Ear emergence Z50-Z59 – Tip of ear visible to ear emergence complete
6 Flowering Z60-Z69 – Few anthers at middle of ear to anthesis complete
7 Milk development Z70-Z79 – Kernel watery ripe to Late milk
8 Dough development Z80-Z89 – Early dough to hard dough
9 Ripening Z90-Z99 – Grain hard to secondary dormancy lost
Table 5.0.1.  The Zadok’s growth scale (Zadoks et al. 1974).
Photo 5.1. Single row trials in 2004 comparing longer-season 
wheats with current varieties grown in the HRZ.
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10-15 days later than Wyalkatchem, and has more grains 
per ear (see fi gure 5.1.1).  There are new crossbreds 
at advanced stages of testing that are longer-season 
types with the potential for earlier sowing.  These are 
Noodle and Australian soft wheat types, dual-purpose 
(suitable for grazing and later recovery for grain) late 
spring and winter wheats and feed and malting barleys 
that have improved disease resistance.  Many of these 
long-season crops will not be of value in the HRZ as 
only one in four years has early rains with the break of 
season in April (Zhang et al. 2005a).  For many of the 
currently-available dual-purpose long-season wheats to 
be of value, they would have to be planted in February/
March and grazed in July/August.  
Farmers in the Southern Agricultural Region (including 
the HRZ) grow 47% of the area of barley produced 
in the state, although the amount hinges on rotation 
and price.  Yields of barley are generally better than 
wheat, particularly in short seasons. However, there 
is a risk of downgrading to feed quality (the price of 
feed barley is 20% lower than feed wheat), and the price 
differential between feed and malt quality barley may 
widen. The narrow grain shape of high yielding barleys, 
like Gairdner, usually means high screening levels, 
increasing the amount of feed barley on the market. 
Current markets show a price difference between feed 
and premium malting quality barley of $40/t (2004). 
It is necessary to fi nd high yielding, plump grain, 
disease resistant barleys which attract premiums.  A high 
yielding malting variety and use of the best agronomy to 
reach malting quality in the HRZ is recommended.
The fastest-growing grains market in the world is feed 
grains for the intensive livestock industries in Asia, where 
increasing affl uence is shifting diets towards diverse, 
high-protein meats.  It is possible that the HRZ could be 
used to produce these grains.  In the short term, the feed 
grains industry will accept low-grade grain.  However, it 
will become more demanding with regards to plumpness 
and weather damage in the future due to the need for 
more energy value and a more consistent product.
Recommended crop species and varieties for sowing in 
the HRZ:
Wheat.  High yielding noodle (e.g. Calingiri) or soft 
wheats (e.g. Datatine) with low susceptibility to disease 
(particularly Septoria nodorum, yellow spot, stripe 
and stem rust) are recommended and a ‘safe bet’ for 
growing in the area as proteins tend to be low (Figure 
5.1.1.).  However, both higher yields and good quality 
(increased protein) APW (Australian Premium white) 
wheats can be achieved with varieties such as Carnamah 
and Wyalkatchem provided fertiliser management is 
appropriate.  In a study at Arthur River in 2001 (DAW 
673), WAWHT2193, a Chinese steam bread type, yielded 
the highest.  As frozen steamed buns are becoming a 
convenience food there is a potential for this market to 
grow.  Screenings in our experiments have been low for 
all varieties in the zone.  
Figure 5.1.1.  Grain yield (t/ha) and protein (%) of wheat 
varieties sown at Arthur River in 2001.
Barley.  High yielding malt barleys with low disease 
susceptibility (particularly net blotch and powdery 
mildew) are recommended for the gravel soils 
and/or early season fi nishes.  In trials, Gairdner barley 
yielded well (up to 5.6 t/ha), but consistently had high 
screenings.  High yielding, larger grained barleys like 
Baudin may make it economical in the future to achieve 
high yields and still achieve malting grade.  
Canola.  In our experiments (DAW 673), canola has 
produced high biomass that was not translated into high 
yield, particularly with increased nutrition.  More than 
99% of varieties sown in Western Australia are Triazine 
tolerant or Imidazoline tolerant.  They are an option 
where wild radish can be controlled with herbicides 
but where the canola crop is not damaged.  2003 trials 
showed that Surpass 603CL yielded well (2.9 t/ha). 
Beacon (triazine tolerant) canola also yielded well 
(2.8 t/ha), but had low resistance to blackleg (Leptosphaeria 
maculans).  In 2004, AgriTech Crop Research conducted 
two trials on a gravelly loam soil near Tunney.  Out of the 
triazine tolerant varieties, Beacon (2.9 t/ha), Thunder 
TT (3.2 t/ha), Tornado TT (2.9 t/ha) and BLN 2893 TT 
(2.8 t/ha) performed the best, despite limited rainfall 
towards the end of the season.  The higher yielding 
Clearfi eld canola varieties were Pioneer 03N7341 
CL (2.5 t/ha) and Rocket CL (2.4 t/ha).  The lack of 
Blackleg resistance limited Surpass 603CL performance, 
resulting in signifi cantly lower yields (1.4 t/ha) 
(F. Martin, personal communication).  
Potential high-value pulses.  There are currently no high-
value pulse options that have immediate agronomic 
potential. All crop types need additional cultivar 
evaluation before they can be recommended.  However, 
a number of pulse species have now been tested from 
1999-2003 by the DAWA pulse project (Table 5.1.1).
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High value pulses are a cropping option for niche 
markets. While niche markets are highly susceptible to 
large fl uctuations in supply and demand, the increased 
range of crop options may allow growers to alternate 
between crops depending on prices available. 
Narrow leaf lupins and fi eld peas have been grown as break 
crops in the high rainfall cropping zone.  Lupins are grown 
mainly for stock feed.  Crop variety testing by DAWA has 
shown that Tanjil narrow-leafed lupins are the preferred 
variety.  In trials, Belara  and Quilinock  narrow leafed lupins 
are higher yielding, but are more susceptible to anthracnose 
(Colletotrichum gloesporiodes), a seed borne fungus that infects 
both seedlings and pods, causing up to 100% yield reduction. 
Dunwa , Helena  and Parafi eld  Dun-type fi eld peas are 
the preferred varieties.  Kaspa, a semi-leafl ess Dun seed type 
fi eld pea with an upright growth habit, may be the variety of 
the future. 
Oats.  Oats from Western Australia are ranked amongst 
the best quality in the world because of their plumpness, 
groat (kernel) percentage, bright colour, low levels of 
admixture, low pesticide use and low levels of moisture. 
Oats have four main uses: domestic milling (food 
products), domestic feed (lower value stock feed), export 
milling (high value stock feed and processing) and export 
hay.  Delivery of grain is in three grades: ‘milling’, ‘feed’ 
and ‘specifi c variety segregations’ (segregated specifi cally 
for domestic milling requirements based on variety). 
In the milling market, there is a strong preference 
for non-dwarf varieties because of their higher groat 
content and better grain characteristics.  Commonly-
grown milling varieties for the zone include Hotham 
(high yielding), Carrolup and Mortlock.  There is a 
consistent market (Quaker oats) for the lower yielding 
Carrolup and Mortlock, which have premiums over the 
other milling varieties.  Commonly-grown feed varieties 
include Dalyup and Wandering.  Many farmers prefer 
to grow higher yielding dwarf oats over higher value 
non-dwarf oats because profi t levels are consistently
higher (G. McDonald, personal communication). The 
recommended hay variety is Winteroo, and Wandering 
is recommended for the dual purpose of hay and feed.  
Photo 5.1.1.  Visiting wheat variety trial at Arthur River 
during HRZ fi eld day in 2001.
Photo 5.1.2.  Visiting barley trial at Tunney during HRZ fi eld 
day in 2002.
Photo 5.1.3.  Visiting Canola trial during HRZ fi eld day 
in 2002.
Table 5.1.1.  Crop yield data from high-values pulse species trials in the Albany district. (Unpublished data from Poulish, 2004).
Species Pulse Botanical name Variety Average Yield (t/ha)
Beans Lupini Bean Lupinus albus Lupini 0.16
Faba Bean Vicia faba Fiesta 0.41
Chickpeas Kabuli Chickpea Cicer arientinum Kaniva 0.47
Desi Chickpea Cicer arientinum Sona 0.42
Peas Marrowfat Pea Pisium sativum Primo 0.95
Blue Pea Pisium sativum Excell 0.47
White Field Pea Pisium sativum Snowpeak 1.02
Dun Field Pea Pisium sativum Helena 1.40
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5.2. Sowing date
Delays in sowing beyond a critical date can substantially 
reduce the grain yield of most crops due to high 
temperatures and/or the exhaustion of soil moisture 
restricting grain development and fi lling. Critical sowing 
dates vary with crop genotype, incidence of frost, season 
and location. Sowing as early as possible and using the 
correct variety for each sowing time should mean that 
all varieties fl ower at the ‘safest’ or optimum time of 
year, thus maximising grain yield of a crop species or 
variety (genotype).  The safest or optimum ‘window’ of 
time is the period after the last damaging frost in spring 
(termed the ‘fl owering window’).  However, to ensure 
that grain fi lling is not restricted by lack of soil moisture, 
fl owering needs to occur before the last frost and some 
risk of frost damage has to be accepted.
Frost generally occurs when temperature in a 
meteorological screen falls below 2.2oC, which usually 
corresponds to 0oC at ground level.  Crops are most 
susceptible during fl owering, which with our current 
varieties, occurs during late September/early October. 
Table 2.1.1 shows that there is a 30% risk of a damaging 
frost during fl owering at Kojonup.  Temperature, 
cloud cover, wind strength, elevation and aspect in 
the landscape, colour of the soil, duration of cold 
temperatures and soil moisture determine the severity 
and impact of frost.  
Crops are sensitive to frost damage at or near fl owering 
because it causes fl ower abortion and subsequent yield 
losses.  Fortunately, fl owers on a predominantly frosted 
plant that escape damage usually go on to produce grain 
of high quality due to greater supply of assimilates to a 
low number of grains.  
Frost at fl owering time in a wheat crop can cause yield 
losses ranging from 5 to almost 90%, depending on 
severity (Consult Ag 2001).  Barley is more tolerant to 
frost than wheat, as plants fl ower and pollinate the grain 
whilst the head is still in the boot.  The insulation provided 
by the boot protects barley against most frosts but it is 
most susceptible to damage when the head fi rst emerges 
from the boot.  However, frosts during grain fi lling have 
major effects on grain quality (shrivelling), but less effect 
on yield (Consult Ag 2001).  For example, frost during the 
milk stage of development causes shrivelled grains (thus 
high screenings) and higher protein in barley, making it 
diffi cult to achieve malting quality.  
Lupins are rarely damaged by frost prior to fl owering, 
but are quite susceptible during bud formation to 
fl owering when the frost sterilises the fl ower buds and 
they fall from the plant.  Lupins can set pods on primary, 
secondary and tertiary branches providing there is a soft 
fi nish to the season.  Canola is relatively unaffected by 
frost at fl owering because of its long fl owering period. 
However, if frost occurs after fl owering, seeds in the 
pod are killed and signifi cant yield reductions and grade 
losses occur.  A frost at this stage with seeds containing 
50 to 60% moisture can cause losses as high as 30% 
(Carmody In Consult Ag 2001).  A canola crop ready 
to swath at 35-40% grain moisture will normally escape 
frost damage.  Grain samples from frost damaged canola 
are frequently low in oil (30-38% instead of 40-44%) and 
light in weight caused by the high number of shrivelled, 
empty canola grains.
Generally, varieties that have a long growing season 
(late maturing) should be sown early to fl ower at the 
optimum time and varieties that have a short growing 
season (early maturing) should be sown late to fl ower 
at about the same time.  Thus, if a wide range of sowing 
times is likely, two or three varieties should be chosen. 
An analysis of Table 5.2.1 below shows that both 
Wyalkatchem and Calingiri would be susceptible to frost 
damage at fl owering when sown early and at the optimal 
time.   This indicates that Wyalkatchem and Calingiri 
are not suited to the high rainfall environments if sown 
in May unless sown high in the landscape where cold air 
drainage down slope will reduce the risk of damage.  The 
best suited variety for the zone would be one that fl owers 
at least 10-15 days after Wyalkatchem when sown in 
mid May.  The probability of Declic and Tennant winter 
wheats being affected by frost is much lower, but yields 
will be reduced due to high temperatures and/or the 
exhaustion of soil moisture later in the season, restricting 
grain development and fi lling.  Our experiments (CSP 
302) showed that Tennant produced 40% less yield than 
Wyalkatchem (Zhang et al. 2005a). 
Table 5.2.1.  Flowering date and risk of a damaging frost (%) of Wyalkatchem and Calingiri (spring wheats) and Declic and 
Tennant (winter wheats) when sown early (6 May) and at the optimal time (24 May) at Arthur River in 2004. 
Date sown Sown 6 May Sown 24 May
Variety Flowering date Frost risk* Flowering date Frost risk*
Wyalkatchem 15 September >30% 30 September >30%
Calingiri 20 September >30% 8 October 30%
Declic 22 October 20% 1 November 10%
Tennant 30 October 10% 1 November 10%
*Frost risk calculated for Kojonup (see Table  2.1.1).
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Flowering time of varieties depends on response to low 
temperatures (vernalisation), long days, or both.  For 
example, winter wheats such as Tennant and Declic 
have a requirement for low temperatures before they 
fl ower, thus they tend to fl ower later.  Spring wheats like 
Calingiri and Carnamah fl ower in response to increasing 
day length in spring, thus fl ower earlier (Table 5.2.1). 
Most varieties have a combination of vernalisation and 
daylength sensitivities, thus their maturity response will 
vary from season to season depending on sowing date 
and local temperatures.
At Boyup Brook, where the average season is longer 
than at Kojonup and Arthur River, the optimal sowing 
time for wheat is mid to late May.  Table 5.2.2 shows the 
grain yields of varieties of wheat sown in 2002 in early 
and late May.  At both times of sowing, varieties yielded 
similarly indicating that the penalty for late sowing is 
not so great in this region due to the relatively mild 
seasonal fi nishes.  
Research on Gairdner barley in the HRZ has shown 
that for it to achieve malting grade and yield potential, 
the optimum sowing date is mid May.  
Thus, the ‘fl owering window’ is a variable period, which 
changes not only from season to season and from one 
location to another depending on the climate, but also 
within crop species and varieties themselves.  Table 5.2.3 
gives a comparison of estimated fl owering windows 
for wheat, barley, oats and lupins at Mount Barker 
(and south west in general), when sown between 
9 May and 6 June, currently the most common seeding 
opportunity in the HRZ. 
The FLOWERING CALCULATOR is a model 
developed by DAWA that calculates the fl owering time 
of wheat according to sowing date and wheat variety 
characteristics for a given set of climatic conditions. 
It gives comparisons of fl owering outcomes relative 
to risks of frost and high temperature events and the 
likelihood of experiencing optimum conditions during 
grain development.  Farmers have utilised this calculator 
to manage their variety selection and sowing time. 
Farmers adjust sowing dates so that each cultivar will 
fl ower at the best time for maximum yields and choose 
cultivars appropriate to sowing at particular times.  In 
other words, it is an aid to avoid sowing a variety at 
an inappropriate time.  For example, in an early sowing 
opportunity, growers will sow long season varieties 
and switch to shorter season varieties as the season 
progresses.  In high frost risk areas, growers will delay 
seeding to ensure crops don’t fl ower during periods 
of signifi cant risk of frost.  The model is continually 
updated, although it requires calibration for current 
varieties in the HRZ.
Variety Grain yield (t/ha) Screenings (%)
Date sown 9 May 29 May 9 May 29 May
Calingiri 3.5 3.7 3.9 5.3
Carnamah 3.3 3.7 5.3 6.3
Wyalkatchem 3.5 3.9 1.7 1.7
Datatine 3.6 3.5 5.5 6.6
EGA Jitarning 3.8 3.7 5.4 5.9
WAWHT2193 (steam bread standard) 4.1 4.3 4.8 4.9
Table 5.2.2. Grain yield and screenings of selected soft and noodle wheat varieties sown on 9 May and 29 May at Boyup Brook 
in 2002.
Table 5.2.3.  Estimate of the fl owering window for wheat, barley, oats and lupins at Mount Barker and the south-west of 
Western Australia (when sown between 9 May and 6 June).
Location Wheat *Barley *Oats **Lupin
Mount Barker 13 Sep.-16 Oct 19 Sep.-9 Oct 5 Oct–25 Oct 1 Sep-30 Sep
South-west 13 Sep.– 15 Oct 18 Sep.–8 Oct 18 Sep.–8 Oct 1 Sep.–20 Sep
*Estimates are for ear emergence in barley and oats, and **fl owering on 50% of main stems in lupins.
(Source:  David Tennant, climate impact group, DAWA).
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Even when productive paddocks are selected for 
cropping, nutrition can still be the major reason why the 
potential yield of a crop in the HRZ is not achieved.  
Research over the past four years has frequently 
shown that low soil nutrition is one of the two 
major constraints (the other being sub-surface 
waterlogging) to crop production in the HRZ.
Trials in the area have identifi ed nitrogen and 
phosphorus as the major soil nutrients limiting yields 
and crop production.  All plant nutrients need to be 
provided as crop yield can be limited by a defi ciency of 
a single essential nutrient, even if all the others may be 
in adequate supply.  Thus, expenditure on either N or 
P can be wasted if potassium, sulphur or trace elements 
are defi cient.  Crop species also differ in the amount and 
timing of nutrients required for adequate growth. 
Soil tests are still the best indicator of soil health, acidity 
and nutrition, and are essential to determine the fertiliser 
requirements for a target yield.  Until recently, soil tests 
were considered particularly apt for P and K in Western 
Australia.  However, evidence from trials by DAWA 
and CSBP have shown P recommendations for cereals 
following canola on gravelly acidic soils in the HRZ are 
inadequate for high yielding crops, even when the tests 
indicate high soil P.  A plant analysis at the 5-leaf stage 
(Z15) will indicate adequacy of nutrient tissue levels for 
continued growth.  This is particularly important in high 
yielding crops.  
6.1. N, P, K and lime responses
6.1.1. Nitrogen 
Nitrogen, a major determinant of yield and protein in 
non-legume crops is the most limiting nutrient for most 
crops grown in the HRZ.  A wheat crop removes about 
25 kg/ha nitrogen for each tonne of grain at 10 per cent 
protein.  Thus, a 6 t/ha crop removes approximately 
150 kg/ha nitrogen, which must be supplied either from 
soil organic residues, the previous legume crop, or from 
nitrogen fertiliser.
Nitrogen in the soil can be divided into three 
components; residue organic nitrogen (RON), stable 
organic nitrogen (SON) and inorganic nitrogen.  About 
30 – 50 per cent of RON is available to the current crop 
during the growing season, with the amount available 
for mineralisation dependent on removal in grain, hay 
or animal products.  Nitrogen can be lost by ammonia 
volatilisation as well as via physical processes such 
as leaching and erosion.  SON is slowly mineralised, 
and only 2 - 3 per cent is available during the growth 
of the current crop.  However, signifi cant releases of 
SON do occur after summer and/or autumn rains.  As 
a rule of thumb, a soil with 0.8 per cent organic carbon 
and 10 per cent gravel will supply about 50 kg/ha of 
available nitrogen through mineralisation.  Fertiliser 
nitrogen comes in the form of urea, ammonium or 
nitrate nitrogen (the soluble form that plants use). 
Soil bacteria convert ammonium nitrogen to nitrate, a 
process called ‘nitrifi cation’, which is dependent on soil 
moisture and temperature and is slower under acid soil 
conditions.  Urea is rapidly converted to ammonium 
nitrogen depending on the moisture, temperature and 
acidity of the soil.
The adoption of liquid fertilisers in Western Australia 
has been rapid, and over the past three years a large 
proportion of farmers have used Flexi-N (urea 
ammonium nitrate solution, 32% N w/w).  Flexi-N 
is absorbed by the plant both through the leaves and 
through the roots providing a new option for increased 
fl exibility in timing nitrogen applications to meet the 
demands of the crop.  Most farmers adopting Flexi-N are 
applying it through existing boom sprays because there 
is no expense associated with specialised machinery.  At 
seeding, Flexi-N is applied to the soil surface, although 
sub-surface application can be used.  In the future, more 
farmers will choose to band liquid fertilisers through 
seeders, possibly providing improvements in nutrient 
use compared to granular applications.  This also allows 
the simultaneous application of in-furrow fungicides 
and trace elements.   
The cool, moist conditions during grain fi ll that are often 
experienced in the HRZ mean that grain protein will 
generally be low, especially in wet years when N applied 
at seeding is lost through leaching and grain fi lling is 
not limited by a lack of moisture in the spring.  Trials 
conducted by CSBP in 2003 show that growers may 
be able to boost protein content of cereals by the late 
application of 12 - 20 kg N as Flexi-N in wetter seasons 
and when yields are likely to be high (Pol and Loss 
2004).  The lift in protein might change grain quality 
to a higher value segregation; meeting minimum protein 
percentages in wheat and barley.
Crop rotation has a large impact on organic matter and 
the soil nitrogen levels and nitrogen available for the 
subsequent crop.  When making decisions on fertiliser 
nitrogen, it is important to consider the crop rotation, 
the demand for the crop species to be grown (which is 
infl uenced by its potential yield), and the soil organic 
and nitrogen levels.  
Grain yield and protein concentration depends on 
supply and demand, both of which vary markedly with 
soil, season and a host of agronomic factors.  Growers 
must have knowledge of their soil supply and demand of 
nutrients in order to produce grain, which suits market 
requirements and end uses.  For example, Australian 
Hard (greater than 11.5 per cent) and Special Hard 
(greater than 13 per cent) demand high protein 
concentrations.  Chinese alkaline noodles also require 
a high protein concentration (12-13 per cent), but 
Japanese white noodles require a protein concentration 
between 9.5 and 11.5%.  The protein percentage of the 
Australian soft wheat grade must be below 9.5.
6 . 0 .  C R O P  N U T R I T I O N
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Timing of nitrogen application is crucial, and some part 
of the total dose is best applied as early as possible so 
as to maximise chlorophyll production, increase tiller 
number and photosynthetic area.  
Optimum time of nitrogen application for any 
season in the HRZ will depend on the soil type 
and environmental conditions.  For example, for 
the sandy soils in the high rainfall zone where 
the incidence of leaching is higher, nitrogen 
applications should be delayed or split to avoid 
leaching loss and allow the crops to establish 
reasonable root systems.
Practicality and profi tability are the key drivers to 
deciding when to apply nitrogen.  In the high rainfall 
zone, there may also be a trade-off between losing some 
nitrogen to leaching and the ability to apply nitrogen 
fertiliser before the paddock becomes too wet.  Another 
option is to use a nitrogen source that is less prone to 
volatilisation and leaching, such as ammonium sulphate 
and spread it prior to sowing.  There is still a risk of 
leaching losses from opening rains if the ammonium has 
converted to nitrate before or from the opening rains.
Split applications of nitrogen in wheat in high yielding 
situations can raise protein levels to achieve protein 
bonus payments.  For example, in 2004 applying 
40 kg/ha N at seeding and again at the fi rst high rainfall, 
then 80 kg/ha N at fl ag emergence increased protein 
from 9.1% (control) to 11.3% in Calingiri wheat (Hill 
et al. 2005), making it acceptable for the noodle grade 
market (9.5 – 11.5% protein).  Late uptake of nitrogen 
and the mobilisation of nitrogen from senescent (dying) 
lower leaves ensure more nitrogen is available for 
transfer to the seed for protein production. 
‘Select Your Nitrogen’ (SYN) is an excellent 
decision tool available from DAWA for quantifying 
nitrogen availability and crop responses in broad acre 
farming systems.
6.1.2 Nitrogen responses – Tactics are needed 
Crop requirements for nitrogen will depend on season 
(mainly rainfall), soil type, paddock history, soil moisture 
and yield potential.  For example, larger yield potentials 
will be obtained and more nitrogen will be needed in 
high rainfall years, because higher yielding crops can be 
grown.  Trials conducted by CSIRO in the high rainfall 
cropping zone in 2001, 2002 and 2003 and subsequent 
modelling, determined that waterlogging occurs in 50% 
of all years and that 20-30% of the growing season 
rainfall can be lost through deep drainage or lateral 
fl ow.  Waterlogging also includes the loss or leaching 
of nutrients (particularly N) out of the crop root zone, 
reducing plant uptake of N and fi nal grain yield.  This 
effect is greater at certain times of crop growth.  For 
example, if waterlogging occurs at the tillering stage, 
lower tiller numbers result and would mean a reduction 
in ear numbers, thus reducing grain yield potential.
Photo 6.1.1.  Dipwells show water was in the crop root zone 
four times during the 2003 growing season at Cranbrook.
A trial conducted in 2003 (Hill et al. 2004) at Cranbrook 
showed that waterlogging occurred four times during the 
growing season, a year considered normal for the HRZ. 
Waterlogging reduced N uptake during crop growth by 
loss out of the root zone.  Grain yield was increased 60% 
Table 6.1.1.  The effect of N timing on tiller numbers, dry matter, protein and grain yield on Calingiri wheat at Cranbrook, 
2003. [33%N = 53 kg N/ha, 66%N = 107 kg N/ha. Values in parenthesis; additional 53 kg N/ha after 3rd waterlogging]
Treatment Tillers/m2
Dry matter 
(t/ha) Protein (%)
Grain yield 
(t/ha)
Nil 239 4.5 9.1 2.2
All N at seeding (160 kg N/ha) 228 4 9.1 2.2
33% N at seeding, rest at 1st node (Z31) 272 5.3 9.1 2.7
33% N at seeding, rest after waterlogging 344 7.5 9.3 (10.4) 3.5 (3.8)
33% N at seeding, 1st node (Z31) and after waterlogging 426 8.9 9.5 (10.7) 3.5 (4.0)
LSD(p<0.05) 34 1 0.8 0.6
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with N applied ‘tactically’ as either 33% at seeding and 
the rest after the fi rst waterlogging or 33% at seeding, 
33% at the fi rst node stage of the crop (Z31) and 33% 
after the fi rst waterlogging compared to applying N all 
at seeding (160 kg N/ha), or no N at all (Table 6.1.1). 
The increase in grain yield was a result of an increase in 
the number of tillers/m2 and dry matter production, and 
the Calingiri wheat only achieved noodle grade when N 
was applied four times in the growing season. 
Timing of N applications is crucial and can be related 
to rainfall and subsequent waterlogging.  A possible 
strategy is to apply some N at seeding to get the crop 
started and to ensure adequate tiller numbers, and 
subsequent applications according to rainfall and 
waterlogging.  Farmers need to balance how much they 
are spending and how much they anticipate the crop 
will return when making decisions on traditional ground 
application versus tramline farming, rogator and aerial 
application.  The benefi ts of precision farming through 
mechanisms to shut-off nozzles to reduce overspray in 
the smaller paddocks of the high rainfall cropping zone 
needs further investigation. 
In 2004, farm scale nutrient timing trials were conducted 
on three farms in the HRZ.  Similar application rate and 
time of N to 2003 trials showed that applying enough 
N at seeding to get the crop started, then applying 
subsequent N applications according to rainfall and 
waterlogging increased crop yields.  With a dry soil 
profi le, in a drier than average growing season, Calingiri 
wheat yields were increased by 80% at Boscabel and 
75% at Jingalup and Baudin barley yields were doubled 
at Orchid Valley over the control (No N), ( Hill et 
al. 2005).  Grain quality was also improved over the 
control and nutrient rates used by the farmer in the 
surrounding paddock.
Photo 6.1.2.  Wheat yields increased by 75 per cent at 
Jingalup with tactical Nitrogen application in 2004.
6.1.3. Phosphorus responses
Most areas in the HRZ have acid, sandy soils with 
moderate phosphorus fi xing capacities. Of the area, 
25% is made up of gravelly acid soils (and neutral to 
alkaline loams) which have high phosphorus fi xing 
capabilities.  Soil test results show that many of these 
soils have high levels of P, and have good fertiliser 
history (Hill et al. 2004).  In the past, fertiliser companies 
have recommended low rates of P.  However, poor plant 
growth and low P status in the plant have often been 
reported (Loss 2004).   
Results from this project and CSBP trials have 
consistently shown signifi cant grain yield responses 
and increases in gross margins with the application of P 
(and N nutrition) for wheat, and signifi cant grain yield 
responses with P (and N and K nutrition) for barley on 
the gravel soils of the HRZ.  In 2002, trials explored 
the hypothesis that nutrients were limiting crop yields 
in the area.  A trial at Rylington Park (15 km west of 
Boyup Brook), with 15 – 60% gravel (0-20 cm) showed 
soil tests with Colwell P of 43 mg/kg and P retention 
index of 270 on a paddock following canola.  There 
was a signifi cant response to the addition of 50 kg/ha 
P alone where yields increased 0.5 t/ha from 3.5 to 4 
t/ha.  Yields then increased a further 1.2 t/ha to 5.2 t/ha 
with full nutrition (160 kg/ha N, 50 kg/ha P, 50 kg/ha K, 
22 kg/ha S, plus traces). 
Photo 6.1.3.  An extra 50 kgs per ha of phosphorus to wheat 
at Boyup Brook increased yields by 0.5 t/ha. in 2002.
In 2003, several trials were conducted by CSBP to 
examine P responses on gravelly acidic soils.  Another 
trial at Rylington Park was conducted following canola 
on a soil with Colwell P of 56 mg/kg, reactive iron of 
825 mg/kg and P retention index (PRI) of 184.  The 
main treatments were a range of P applications (0, 5, 10, 
20, 40 kg P/ha).  The site was highly responsive early 
in the season, and yields increased from 2.5 t/ha at nil 
P to 4.9 t/ha at 40 kg P/ha.  In addition, grain protein, 
screenings and hectolitre weights were all improved.
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6.1.4. Potassium responses
Potassium is an essential nutrient for crop production 
in the high rainfall zone, often limiting crop yield.  The 
defi ciency results in grain yield losses and an increase 
in shrivelled grain.  Low potassium levels in sub-clover 
pastures reduce dry matter production, nitrogen fi xation 
and therefore nitrogen supply for the following crop. 
On the sandy soils of the high rainfall zone, potassium 
is often low and limiting crop production.  Table 6.1.2 
shows the typical potassium status for the different soil 
types found in the high rainfall zone.
Table 6.1.2.   Soil potassium status for the different soil types. 
Soil Type Typical Potassium Status
Clay High
Loam High
Sand Low
Duplex (sand over 
gravel or clay)
Low in the sand and 
high in the sub-soil
Potassium status can have a marked effect on grain 
size and screenings, and affects post-anthesis water use 
effi ciency and how long the plant stays green.  A response 
to potassium was observed in a trial at Arthur River 
in 2001 on Gairdner barley, where potassium added 
to the fertiliser regime for the high input treatments 
signifi cantly decreased screenings from 18.4 per cent to 
14 per cent (Hill et al. 2002). 
Potassium, being soluble, is readily leached from 
stubble of plants into the soil to become available for the 
next crop.  The removal of crop residues subsequently 
reduces the potassium status of the soil.  Hay crops of 
heavy pasture or oats remove considerable potassium. 
Soil testing can confi rm this.  The most commonly used 
potassium fertiliser in WA is muriate of potash (KCl).     
The highest requirement for potassium is at the vegetative 
growth stage. Potassium responsiveness can be identifi ed 
by soil tests and 80 ppm is considered marginal for cereal 
growth in the HRZ.  The fertiliser should be separated 
from the seed or top dressed because drilling with the 
seed can inhibit germination.  In the HRZ, because of 
the high rainfall, and subsequent high yield potential, 
profi table responses in crops have been measured with 
soil test potassium values even up to 100 ppm. 
‘Wavy’ crops have been studied by DAWA, where it was 
recognised that crops following burnt windrows often 
have better growth and yield on the windrows than 
between them.  Much of this response has been due 
to the accumulation in the windrows of high levels of 
nutrients, particularly potassium, and to a lesser extent, 
sulphur, copper, molybdenum, phosphorus and zinc.  If 
you can see a difference in crop growth on windrowed 
strips, it’s worth taking plant and soil samples from 
paired, good and bad areas in a crop.
Varieties of wheat and barley have been identifi ed 
which grow relatively well whether soil K availability 
is suboptimal or optimal.  For example, Barque barley 
grows relatively well at either suboptimal or optimal soil 
K, whereas Stirling grows well at optimal soil K, but not 
where soil K is suboptimal (Damon and Rengel 2004).  
6.1.4. Balanced P and K in farming systems
A trial commencing in 2001 by CSBP (Easton 2004) at 
Tunney demonstrated the importance of balanced P and 
K nutrition for pasture production.  The site was a grey 
sandy loam and soil tests in the 0-10 cm in 2001 showed 
33 mg/kg P, 60 kg/kg K, 2.1% organic carbon (OC), 
pH (CaCl2) 4.7, a typical low P and K paddock in the 
district.  It was cropped in 2003 to assess the benefi ts 
of increased pasture productivity on a subsequent 
wheat crop.  
In 2003, Calingiri wheat was sown, and only basal 
amounts of K, P and S applied to eliminate the residual 
effects.  Crop growth responses in 2003 could be 
attributed to an improvement in soil fertility (mainly 
increased N supply and organic matter content) as a 
result of increased pasture production.  Treatments 
with a history of P and K applications showed greater 
vigour, had reduced foliar diseases and higher grain 
yield (Table 6.1.3).  Crop response to increased pasture 
productivity alone was large enough to produce up to 
200% returns on the investment in P and K application 
to the pasture.
Table 6.1.3.  Pasture responses to P and K (kg/ha) in 2001 and 2002 and wheat responses to increased pasture productivity in 
2003 (Easton 2004).
Treatments (kg/ha) P K Pasture production (t/ha)
Wheat yield 
(t/ha)
2001 and 2002 2001 2002 2003
Nil 0 0 4.3 4.1 3.48
9 P, 11 S, 20 Ca 9 0 4.3 4.0 3.68
18 P, 22 S, 40 Ca 18 12.5 4.4 4.5 3.63
9 P, 12.4 K, 11 S, 20 Ca 9 25 4.4 4.9 4.33
9 P, 25 K, 11 S, 20 Ca 9 50 5.0 5.5 4.77
9 P, 49.5 K, 11 S, 20 Ca 9 50 5.2 6.1 5.95
49.5 K 0 50 4.9 4.8 5.68
18 P, 49.5 K, 22 S, 40 Ca 18 50 5.4 7.3 5.92
LSD (p<0.05) 0.56 0.89 0.70
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6.1.5. Lime responses
Wheat, barley and canola grow best and prefer soils 
with a pH (measured in CaCl2) in the range 5.3 to 
6.5, while oats and triticale can yield well in acid soils. 
Lime reduces soil acidity (raises pH) by converting 
some of the hydrogen ions into water.  Aluminium 
precipitates as aluminium hydroxide, thus its toxic 
action is eliminated.  
Acidity in some soils of the HRZ will retard the growth 
of wheat, barley and canola.  Table 6.1.4 indicates the 
soil pH (CaCl2) to a depth of 40 cm in the HRZ with soil 
pits dug at the DAWA experimental sites in 2003.  The 
soils varied from a sandy loam (Arthur River) to loamy 
sand (Cranbrook) and loam with 5% gravel (Boyup 
Brook).  The pH (CaCl2) varied in the 0 - 10 cm depth 
from 4.5 to 5.5, generally not increasing or decreasing 
substantially with depth until 30 - 40 cm.  It is expected 
that soil pH will continue to decline in the zone due to 
the use of nitrogen fertilisers, leaching, and harvesting 
of straw and forage (which remove potassium, calcium 
and magnesium). 
It is recommended that lime be applied 3-6 months 
ahead of planting the crop, especially on very acidic 
soils, to allow time for the lime to react in the soil.  Soil 
tests should be taken at least every three years.
In 2003, the effects of liming (2.5 t/ha), deep ripping (to 
40 cm) and increased nutrition (130 kg/ha N, 22 kg/ha 
P, 110 kg/ha K, 26 kg/ha S plus traces) on crop yield 
and quality were investigated by DAW673.  The trial 
showed that although applying lime, or deep ripping on 
their own did not show a profi t in the short term, yields 
were increased by 68% over farmer practice (55 kg/ha 
N, 18 kg/ha P, 40 kg/ha K, 18 kg/ha S) with a “package” 
of increased nutrition, deep ripping and lime (Table 
6.1.5), even though the lime was top dressed a few days 
ahead of seeding, not allowing enough time for the lime 
to react in the soil.  
6.1.6. Trace element responses
Research into trace element (or micronutrient) 
requirements of crops in the HRZ is limited, although 
it is well recognised that copper, zinc, molybdenum 
and manganese are required for optimum crop yield. 
Trace element defi ciencies and marginal trace element 
defi ciencies are often hard to detect and diffi cult to 
diagnose in the fi eld, so that by the time trace elements 
defi ciencies are obvious, serious yield penalties have 
already been sustained.  
Availability of trace elements to the crop and effectiveness 
of fertilisers with trace elements is variable and depends 
on many seasonal and environmental conditions. 
Herbicides, soil moisture, soil temperature, soil pH, 
diseases and pests can all infl uence plant uptake.  
To treat trace element defi ciencies, the elements are 
applied by incorporating into existing compound 
fertilisers, which are drilled with the seed at sowing. 
Trace elements can also be applied as liquid, foliar 
applications. Applying granular trace elements is a 
re-application strategy, while foliar sprays can be applied 
immediately the symptoms show or been diagnosed by 
tissue testing.  
Table 6.1.5.  Dry matter, grain protein and grain yield of Gairdner barley in response to deep ripping, nutrition and lime at 
Arthur River in 2003.
Treatment 
Dry matter 
(t/ha)
Grain protein 
(%)
Grain yield 
(t/ha)
Deep ripping to 40 cm 9.2 8.6 3.1
2.5 t/ha Lime 7.7 9.6 3.1
Nutrition 130 N, 22 P, 110 K, 26 S (kg/ha) 13.2 10.2 3.5
Deep ripping to 40 cm + Nutrition 130 N, 22 P, 110 K, 26 S (kg/ha) 9.6 10.3 4.0
Deep ripping to 40 cm + Nutrition 130 N, 22 P, 110 K, 26 S (kg/ha) + 
2.5 t/ha Lime
14.5 9.7 4.7
Farmer practice 55 N, 18 P, 40 K, 18 S (kg/ha) 9.2 8.3 2.8
Control (Nil) 5.8 8.5 2.6
LSD (p<0.05) 4.3 1.4 0.9
Table 6.1.4.  Soil pH (CaCl2) at four depths for sites at Arthur River (2), Cranbrook and Boyup Book in January, 2003.
Depth (cm) pH (CaCl2) at sites in January 2003
Arthur River Arthur River Cranbrook Boyup Brook
0-10 4.8 4.7 4.7 5.3
10-20 4.6 4.6 4.7 5.3
20-30 4.4 5 4.8 6.3
30-40 4.9 5.4 5.5
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6.2. Increased Nutrition: 
Crop responses  
Crop responses to increased nutrition vary across the 
HRZ according to soil type, soil structure, rainfall and 
species sown.
In 2001, small plot trials with DAW 673 using 
no-tillage, deep banded sowing methods and optimum 
management produced cereal yields in excess of 
6.6 t/ha.  The most signifi cant increases in crop yields 
were due to the addition of extra nutrients (97 kg/ha N, 
29 kg/ha P, 37 kg/ha K, 28 kg/ha S plus traces), although 
varieties also differed signifi cantly in their yield and 
quality performance. 
In the HRZ, most farmers are using fertilisers with 
trace elements.  Even with the use of trace elements at 
seeding, defi ciencies may show in plant analysis taken 
during crop growth, indicating fertiliser placement 
issues.  For example, zinc is needed early in crop 
growth and if placed away from the seed, roots may 
not have developed suffi ciently to access, and use it. 
Placement is also critical when there is a dry start to the 
season.  Any requirement for copper and zinc should be 
based on paddock history or tissue tests from plant or 
grain samples. 
The main reason for increased interest in copper and 
zinc is increased use of one-pass seeding equipment 
(no soil disturbance or mixing). Because copper 
and zinc are immobile in soils, availability to plants 
depends upon roots moving to the nutrients. To be most 
effective, copper and zinc need to be in the pathway of 
as many roots as possible (Pluske and Brennan 2001). 
Traditionally, cultivation has distributed the trace 
elements through the soil and increased the likelihood 
of roots fi nding them. 
Anything that improves physical mixing and distribution 
through the root zone will improve trace element 
availability.  Cultivation, erosion and the disturbances 
produced by plants and soil fauna can contribute to 
physical movement of fertiliser copper and zinc.  At 
the same time, smaller and more granules, and better 
placement geometry, are more effective than larger 
granules.  Pluske and Brennan (2001) explain that a high 
concentration of trace elements throughout the root zone 
increases the chances of roots intercepting nutrients. 
The distribution of these ‘hits’ is more important than 
the concentration within the ‘hit’, so even with high 
analysis fertilisers which have increased trace elements 
within the ‘hit’ over low analysis fertilisers, it doesn’t 
necessarily mean improved availability of the nutrient. 
Cultivation has the benefi t of dividing one interception 
into many because trace elements adsorbed onto fi ne 
soil particles are further redistributed throughout the 
soil (Gartrell 1981). 
The ‘maintenance strategy’, where a little trace element 
is applied each year, has gained in popularity in recent 
years. It is a good idea because the trace elements are 
distributed through the soil over time. This is provided 
levels in the soil are already adequate and there is time 
to work on positional availability of freshly applied 
nutrient.  Unfortunately, the maintenance strategy will 
not overcome a defi ciency in the fi rst year (and possibly 
for many subsequent years) unless the nutrients are 
made positionally available to roots.
If the maintenance strategy works it will be because 
trace elements are applied in different positions each 
year (if tines don’t follow previous workings) and mixed 
to some extent by subsequent workings, not because a 
high rate of trace element is applied over several years. 
Factors like sweep width, row spacing and degree 
of soil disturbance will probably have as much effect 
on the effi ciency of fertiliser as the fertiliser itself.  If 
high rates of trace elements, particularly copper, are 
applied for many years and are available to plants, 
nutrient imbalances and toxicities in plants and animals 
may occur. 
Table 6.2.1.  Effects of nutrition on head numbers, harvest index (HI), grain yield and quality components on gravelly loam 
(GrL) and sandy duplex (SD) wheat trial sites in 2002.
Treatment (kg/ha) Heads/m2 HI (%)
Grain yield 
(t/ha)
Screenings 
(%)
Grain protein 
(%)
Site GrL SD GrL SD GrL SD GrL SD GrL SD
Control (Nil + 23 S) 295 330 38 38 3.5 2.9 2 2 11 10
49 P 332 398 39 34 4 3.3 1 2 10 9
49 P + 147 N 441 513 34 33 4.8 4.1 2 5 11 12
49 P + 147 N + 50 K 397 523 38 31 4.9 4.2 2 5 11 12
49 P + 149 N + 50 K + *Traces 457 620 38 33 5.2 4.5 1 5 11 12
Farmer practice
74 N, 14 P, 30 K (Gr)
59 N, 18 P, 35 K (SD)
320 373 31 30 3.5 3.3 2 2 11 10
LSD (p<0.05) 121 114 6.9 2.4 0.4 0.4 Ns 1.5 1 0.7
* Traces – Cu, Zn, Mn and Mo
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In 2002, the aim was to reproduce the increased crop 
yield and quality response to increased nutrition in 
farm scale research trials under different seasonal 
conditions (DAW 673).  Barley (Gairdner (malting) 
and Onslow (feed)), wheat (Calingiri (noodle) and 
Carnamah (APW) and canola (501TT) were sown 
and the planned outcome was to develop the optimum 
nutrition management package to maximise crop yields 
in the area.  High nutrient treatments were calculated 
to explore cereal yield potential of 6 t/ha.  Additional 
nutrition (147 kg/ha N, 49 kg/ha P, 50 kg/ha K, 
23 kg/ha S plus traces) increased Gairdner barley grain 
yields over farmer practices (74 kg/ha N, 14 kg/ha P, 
23 kg/ha K on gravelly loam and 34 kg/ha N, 13 kg/ha P, 
25 kg/ha K, 5 kg/ha S on sandy loam duplex) by 14% 
on the gravelly loam and 22% on the sandy loam duplex 
(Hill et al. in press).  
Table 6.2.1 confi rms that wheat grain yields were also 
increased in 2002. Additional nutrition (147 kg/ha N, 
49 kg/ha P, 50 kg/ha K, 23 kg/ha S plus traces) 
increased yields by 27% on a sandy duplex, and by 33% 
on a gravelly loam over farmer practices (74 kg/ha N, 
14 kg/ha P, 30 kg/ha K on gravelly loam and 59 kg/ha N, 
18 kg/ha P, 35 kg/ha K on sandy duplex).  Screenings 
(%) and protein (%) were also increased on the sandy 
duplex, with protein above the noodle segregation range 
of 9.5 to 11.5% on that soil type (Hill et al. in press).
Canola yields were increased over farmer practices 
with additional nutrition (147 kg/ha N, 49 kg/ha P, 
50 kg/ha K, 23 kg/ha S plus traces) by 15% and 31% 
on two sites on sandy duplexes.  Harvest indices (ratio 
of grain weight to total weight of the crop) were low, 
ranging from 18% to 34%, a result of a combination 
of aphid infestation, fertiliser toxicity, and inadequate 
varieties that produced excessive biomass, particularly 
with increased nutrition.
Photo 6.2.2.  Increased nutrition increased Gairdner barley grain yield in 2002 in large scale trials at Boyup Brook.
Photo 6.2.1. Increased nutrition increased Gairdner barley 
grain yields on a small plot trial at Arthur River in 2001.
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well as considering their yield and quality traits.
Blackleg (Leptosphaeria maculans) is the most important 
fungal disease of canola, and brown spot (Pleiochaeta 
setosa) and bean yellow mosaic virus (BYMV) are 
important for lupins.  Disease impact can be minimised 
by following the rules of the ‘best bet’ packages 
(available through DAWA web site: www.agric.wa.gov.
au) and crop rotation.  The major root diseases in the 
zone are take-all (Gaeumannomyces graminis var. tritici), 
rhizoctonia bare patch (Rhizoctonia solani), root lesion 
nematode (Pratylenchus neglectus), Fusarium crown rot 
(Fusarium spp.), common root rot (Bipolaris sorokiniana) 
and Pleiochaeta root rot.
The distribution, life-cycle and recommended control 
measures for all of the important diseases of wheat are 
given in The Wheat Book – Principles and Practice 
(Bulletin No. 4443) and should be consulted for more 
detailed information.  Another reference for disease 
management can be found in the Crop Variety Sowing 
Guide for Western Australia (Bulletin 4592).
7.2. Integrated approach 
to disease control
Breeding programs will ensure crop varieties continue to 
be improved for both disease resistance and performance. 
Crop improvement of cereal, canola and legume leaf 
and stem disease in modern varieties seldom delivers 
complete resistance and requires an integrated approach 
with management.  Some cropping practices in the 
HRZ like early sowing, high seeding rate, high nitrogen 
inputs and increased stubble retention may increase the 
disease pressures.  For example, increasing plant density 
through increased seed rates and high nitrogen inputs 
can change the microclimate within the crop, which may 
favour powdery mildew in wheat and barley. 
An integrated approach to disease management includes 
7.1. Diseases
Many different root and leaf diseases can potentially 
harm crops in the Western Australian cropping zones. 
The cool, moist and long growing season in the HRZ 
is favourable for most diseases.  There is also a limited 
choice of disease resistant varieties, particularly to root 
diseases and Septorias (Septoria tritici and nodorum).  
Disease occurrence, severity and impact vary in 
response to variety resistance, management and seasonal 
conditions, making it extremely important to constantly 
monitor crops for disease symptoms, and identify the 
particular disease in the crop.  To verify the disease, 
farmers or agronomists can send a sample to a lab to 
confi rm diagnosis and select the right fungicide.  
Foliar diseases usually appear on the oldest leaves and 
move to the young leaves.  The major aim of fungicide 
applications is to protect the fl ag leaf as this, along with 
the head and peduncle, typically contribute 60% of 
grain fi ll in wheat.  With barley, protecting the lower 
leaves, F-1 and F-2 are most important, as the fl ag leaf 
is generally quite small and therefore contributes less 
compared with wheat.  Due to this, overseas work has 
focused fungicide timing earlier in barley than wheat.
The major wheat and barley leaf diseases in the high 
rainfall cropping zone are leaf spot diseases.  These 
include yellow-spot (Pyrenophora tritici-repentis), Septoria 
nodorum blotch, Septoria tritici blotch, spot and net-type 
net blotch (Pyrenophora teres spp.), scald (Rhynchosporium 
secalis), powdery mildew (Erysiphe graminis) and barley 
yellow dwarf virus, with leaf spot disease being the most 
prevalent.  Stripe rust (Puccinia striiformis), leaf rust 
(Puccinia hordei) and stem rust (Puccinia graminis) are also 
found, and the chances of these will be increased with 
wet summers and the carryover of disease on volunteer 
cereals.  In years of high summer rainfall it is important 
to remove the volunteer cereals by grazing or spraying. 
It is worth reviewing the tolerance of all varieties 
(particularly the new varieties) to all major diseases as 
7. 0 .  D I S E A S E S  A N D  P E S T S
Figure 7.2.1.  Wheat grain yield and screenings from fungicide treatments against Stripe Rust with different types and times of 
fungicide in Gnowangerup, 2002. (N. Moyes, personal communication 2002).  T1 = Z37-Z39; T2 = Z59.
36
the tools of crop rotation, resistant varieties, appropriate 
sowing date and good nutrition.  Fungicide applications 
are becoming an increasingly important part of disease 
control strategies, involving seed protection and in-
furrow fungicide protection at time of seeding, strategic 
foliar fungicide applications at fi rst node and full fl ag 
leaf emergence. Figure 7.2.1, illustrates the importance 
of timely fungicide applications, where treatments were 
left unsprayed for 18 days, resulting in a 32% loss in 
yield and higher screenings.
Yield was increased by 48% in this trial when fungicides 
(Tilt®) were applied at fi rst detection of stripe rust. 
Grain quality was also improved with fungicide 
application (reduced screenings by 2-3%).  At time 
of spraying Z37-39 (T1), stripe rust infection was at 
5-10% of F-1 and F-2 leaves with a uniform infection 
across the trial.  After only 17 days, prior to a second 
application, Z59 head emergence stage (T2), the stripe 
rust infection had browned wheat leaves off with a 70% 
infection, also resulting in a reduced crop height in the 
untreated plots. 
Crop rotation with non-host species of the target disease 
is perhaps the most effective tool to manage crop disease. 
For example, the level of resistance in modern varieties 
to yellow spot and the two Septorias is not adequate 
to prevent yield loss due to disease in wheat following 
wheat, and a pasture legume, crop legume or canola 
phase is advisable.
Barley yellow dwarf virus (BYDV) poses major limitations 
on grain yields in wheat, barley and oats in the HRZ 
and limited crop tolerance exists. BYDV survives over 
summer in green plant material and is transmitted by 
aphids.  Early growth of grasses allows aphid numbers 
to build up and cause early BYDV infection of crops. 
Survey results in 2000 showed that up to 60 per cent of 
annual grass species were infected by BYDV in the HRZ. 
However, in years with little or no rainfall before the 
growing season, aphids arrive late and BYDV infection 
is late with little effect on yield.  These results, along 
with other information have been used for a decision 
support system (DSS), which is based on a predictive 
BYDV forecast model for use by advisors and growers 
to determine the need for insecticides to control aphid 
vectors of BYDV in different districts each year.  This 
model is available on the DAWA web site (www.agric.
wa.gov.au) and through Pestfax, and allows effi cient 
targeting of insecticides to control the aphid vectors of 
BYDV, avoiding costly prophylactic use, and providing 
environmental benefi ts.  
Responses to fungal, aphid and presumably virus 
(BYDV) control can be quite substantial in the HRZ. 
BYDV in particular can directly cause yield reductions in 
high yielding crops and increase screenings when aphids 
are in high numbers towards the end of the season.  
Photo 7.2.1.  Scald found in trials in 2002 on Gairder barley 
at Boyup Brook.
Photo 7.2.2.  Spraying barley with a synthetic pyrethroid at 
5 leaf stage of crop at Arthur River in 2003.
Photo 7.2.3.  Aphid numbers are determined by catching 
them in a sweep net at Arthur River in 2003.
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Photo 7.2.4. Barley yellow dwarf virus (BYDV) can 
signifi cantly reduce cereal yields and is transmitted 
by aphids.
Table 7.2.1 shows that Gairdner barley yields were 
signifi cantly increased by 7-9% and screenings reduced 
with a systemic (absorbed by the plant and translocated 
to the site of infection) pyrethroid (as well as killing 
aphids, they also possess an anti-feeding effect that 
deters new aphids from feeding for a further 3-4 weeks) 
treatment compared to the unsprayed at Arthur River 
in 2003.  This yield increase was achieved by reducing 
the direct feeding of the aphids, as there was no BYDV 
recorded at this particular site.  Threshold populations 
of aphids (15 aphids on 50 per cent of tillers) were 
substantially exceeded at this site, with an average of 50 
aphids per tiller.  
Table 7.2.2 shows that there was a signifi cant increase 
in barley yield and a reduction in screenings with a 
systemic pyrethroid treatment on Gairdner barley over 
the unsprayed treatment at Kendenup in 2001.  This 
was not observed in 1998, as threshold populations of 
aphids were only occasionally exceeded (15 aphids on 
50 per cent of tillers).  Aphid counting shows that as 
aphid numbers reach a peak, parasitic fungi cause the 
numbers to decline. 
Cucumber Mosaic Virus (CMV) and Bean Yellow 
Mosaic Virus (BYMV) are important leaf viruses of 
lupins in the HRZ.  CMV is transmitted in seeds and 
seed testing is available through the DAWA laboratories 
in South Perth.  BYMV enters lupin crops from 
adjacent pastures and aphids spread it to healthy plants 
during feeding.  Trials conducted at Cranbrook in 2001 
(DAW 673) showed that wide row spacing (72 cm) of 
Tanjil lupins allowed aphids in and levels of BYMV 
infection were as high as 61 per cent.  It is important 
to sow CMV-free seed and aim for high plant density 
(increased seeding rate and narrow row spacing) and 
high rates of fertiliser (promoting early canopy closure). 
Early canopy development shades out virus infected 
plants and repels aphids, while high plant densities 
dilute the number of infected plants and also cover bare 
ground quicker, thereby making them less attractive to 
aphids.  The most serious fungal disease is brown leaf 
spot.  Disease control for both viral and fungal diseases 
consists of seed treatment with fungicides, shallow 
seeding depth and retaining stubble cover from previous 
cereal crops. 
Canola – Blackleg.  Prevention is the best way to manage 
blackleg disease in Canola.  It is important to select a 
suitable variety with the highest blackleg resistance 
rating, plant crops as far away as possible from paddocks 
containing canola residue, reduce existing stubble by 
burying, or raking and burning (provided there is no 
erosion risk), keep rotations as far apart as possible 
(preferably one in four years), and to strategically use a 
fungicide such as Impact-in furrow®.
Table 7.2.2.  Gairdner barley yields (t/ha) from Kendenup in 1998 and 2001 where aphids were either sprayed or unsprayed 
(Michael 2002)
Kendenup 1998 Kendenup 2001
Sprayed Unsprayed Sprayed Unsprayed
Harvest yield (t/ha) 2.23 1.99 5.31 4.95
Screenings (%) n/a n/a 18.3 24.9
Table 7.2.1.  Yield and quality of Gairdner barley under different aphid management regimes, Arthur River in 2003.
Treatment
Screenings 
(%) Aphids /tiller
Grain yield 
(t/ha)
Untreated 29 50 3.88
125 mL/ha Alphacypermethrin (ai.  Alphacypermethrin 100 g/L) 24 1 3.90
Trojan® @ 10mL/ha (ai. Gamma-cyhalothrim 150 g/L) 31 0.7 4.16
Trojan® @ 15mL/ha (ai. Gamma-cyhalothrim 150 g/L) 14 1 4.24
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Fungal diseases.  If a crop has been successfully established 
and shows a high yield potential, then a well timed single 
spray strategy can be highly effective in controlling 
spring infestations of leaf rust and leaf spot diseases.  
Fungicide application at fl ag leaf emergence to control 
these diseases often results in profi table yield response 
in high yielding crops (over 2.5 t/ha).  A two-spray 
program should be considered where either early 
onset of leaf rust or the long growing season requires 
extended periods of control.  To control leaf rust and 
powdery mildew, Triadimefon® is a highly cost effective 
control measure.  A broad spectrum fungicide, such as 
Propiconazole®, or Tebuconazole® provides the most 
cost-effective control of Septoria nodorum, yellow spot 
of wheat and spot form of net blotch of barley.  
Root diseases.  In the HRZ of Western Australia, the two 
root diseases that cause major constraints to cropping 
are Take-all (Gaeumannomyces graminis var. tritici) and 
Rhizoctonia bare patch (Rhizoctonia solani).  Take-all 
causes major reductions in yield for both wheat and 
barley.  It also affects oats, cereal rye and triticale 
but losses in Western Australia due to this disease on 
these species are minimal.  Rhizoctonia bare patch 
is an important constraint to cropping of both cereals 
and lupins.
Root lesion nematode (RLN) species, Pratylenchus 
neglectus and Pratylenchus thornei, are the most widespread 
nematode pests in the cereal growing areas of Western 
Australia.  Grain yields have been reduced by 7-22% in 
many areas and highest yield losses have been associated 
with low levels of crop nutrition.  Limited research 
has been conducted in the HRZ and the infl uence of 
nematodes on crops requires further investigation. 
There is limited crop resistance to root diseases, 
although some wheat varieties exhibit partial 
(moderate) resistance to RLN.  Different species also 
exhibit different response to infection of root diseases, 
for example, barley generally will show half the yield 
penalty to Take-all compared to wheat.
Crop rotation is the most important tool in managing root 
diseases.  The key to successful rotational management 
is to have cropping sequences that include non-hosts 
or poor hosts for key diseases.  Grasses, which may be 
important components of the pastures, are alternative 
hosts for Take-all and for cereal cyst nematode (CCN). 
In this zone, root lesion nematode, along with Take-all 
and Rhizoctonia tend to be more severe than CCN. 
Take-all infection in cereal crops after wet, long springs 
can be as high as 50 per cent in the HRZ.  To minimise 
cereal losses from Take-all requires at least 12 months 
of no grasses.  Where paddocks have been manipulated 
for grass control for two years prior to cereals, Take-all 
incidence is lower and cereal yields are increased.  
Photo 7.2.5.  Take-all infection on cereals can be as high as 
50% after wet, long springs in the HRZ.
The ‘Predicta B’ root disease soil test provided by SARDI 
(www.sardi.sa.gov.au) measures the nematode and fungi 
numbers through DNA tests and can determine the risk 
of Take-all, crown rot, CCN, Rhizoctonia and Pratylenchus 
neglectus and Pratylenchus thornei.  This management tool 
enables growers to isolate paddocks with high risk and 
change cropping rotations as required or use a seed 
treatment, such as Jockey® for the suppression of Take-
all.  At sites identifi ed as having moderate to severe risk 
of take-all, Jockey® provided an average yield response 
of 14 per cent.  
Rotations have little effect on the incidence of 
Rhizoctonia.  Control measures include high nutrition, 
particularly nitrogen, and soil disturbance to a depth of 
at least 10 cm to break up the fungal hyphae in the soil. 
Deeper ripping points like a knife or Inverted T point 
have proved to be successful at reducing Rhizoctonia 
infection in cereals. 
Providing adequate nutrients makes crops better able 
to tolerate root diseases due to a healthier root system. 
High rates of the ammonium form of nitrogenous 
fertiliser will reduce Take-all, although not when there 
are very high levels of Take-all.  The use of nitrogen 
fertilisers or liming to decrease root disease severity has 
not given good crop yield responses.
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7.3. Pests and management
Details of insect pests in fi eld crops are available in the 
2005 Crop Variety Sowing Guide for Western Australia, 
Bulletin No. 4592.  
A variety of insects can attack crops in the high rainfall 
zone, but only a few are of economic importance.  
The key to successful pest management relies 
on regular monitoring, early detection and 
early treatment, which will help minimise 
insect damage. 
Redlegged earthmite (Halotydeus destructor) is a major 
pest in WA and causes damage to all crops and pastures 
at germination.  Redlegged earthmite (RLEM) can be 
controlled in the spring of the pasture phase prior to the 
cropping phase through a package called TIMERITETM. 
TIMERITETM provides farmers with a date for a 
single spring spray that controls RLEM through to the 
following autumn.  The day is unique to each farm and 
remains constant from year to year.  A single spray at 
the critical time in spring can prevent the production 
of over summering eggs, and provide up to 97 per cent 
control in the following autumn, reducing the number 
of mites for up to 12 months.  This package is specifi c 
to RLEM control and other species like blue oat mite 
(Penthaleus major), Bryobia mite (Bryobia), Balaustium 
mite (Balaustium medicagoense), lucerne fl ea (Sminthurus 
viridis) and aphids need to be watched as crops emerge in 
winter.  Information on TIMERITETM and spray dates 
can be obtained from the AWI helpline on 1800 070 099 
or TIMERITETM website, www.timerite.com.au.
Controlling summer weeds is important to reduce 
numbers of insect pests such as webworm (Hednota spp.), 
lucerne fl ea (Sminthurus viridis), mites, slugs (Deroceras 
reticulatum) and bronzed fi eld beetle larvae (Adelium 
brevicorne).  Paddocks that have been grassy through 
summer and autumn are likely to contain webworm. 
Paddocks that have been lightly grazed during spring 
and summer will contain large numbers of RLEM 
and lucerne fl ea eggs, which will hatch in autumn/
winter.  Under high risk situations where weeds have 
germinated early and especially if weed control has been 
late, addition of a synthetic pyrethroid for cutworm and 
webworm is advisable.  
Cereals, lupins, and canola are susceptible to cutworm 
(Agrotis spp.), lucerne fl ea (Sminthurus viridis) (loamy 
soils), Byrobia mite (Bryobia), Balaustium mite 
(Balaustium medicagoense), RLEM, vegetable weevil 
(Listroderes obliquus) and Desiantha weevil (Desiantha 
diversipes).  Other pests in canola are bronze fi eld beetle 
larva (Adelium brevicorne) and slugs (Deroceras reticulatum), 
which are becoming more evident with stubble retention. 
Crops must be inspected regularly and pests controlled 
during the seedling stage to avoid the need to re-seed. 
Application of an insecticide to the bare earth after 
seeding should be applied in a high-risk situation for 
mites (no hard grazing or effective insecticide sprays 
the previous year).  An application of a border spray 
may be useful in controlling vegetable weevil, but this 
strategy is far less effective in controlling other species 
of weevil.  
Crops should be checked and insects controlled from 
fl ag leaf stage.  Aphids transmit viruses like BYDV, 
CMV, and BYMV so susceptible varieties in areas with 
moderate to high risk of these viruses will require a 
synthetic pyrethoid at 4 - 5 weeks after sowing.
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Weeds compete for elements important to crop 
establishment and growth such as soil moisture, sunlight 
and nutrients. Grasses are hosts to pest and diseases. 
Weed control imposes a signifi cant cost to crop 
production. Weeds are a cost of production in terms of 
yield loss due to competition, possible contamination of 
the grain, and from the costs of applying appropriate 
control measures.  Large reductions in potential yield 
of cereal crops will occur when high numbers of annual 
ryegrass (Lolium rigidum) and wild oats (Avena fatua) are 
present.  They are two of the most competitive weeds of 
cereal crops as the conditions of cereal cropping favour 
their germination and vigourous growth, they have high 
seed populations from preceding crops or pastures, and 
they exhibit staggered germination.
Climatic conditions and soil type provide ideal conditions 
for water weeds such as Australian crassula (Crassula 
sieberana) and toadrush (Juncus bufonius).  Other weeds 
likely to present problems in the HRZ are Guildford 
grass (Romulea rosea), brome grass (Bromus diandrus) and 
barley grass (Hordeum leporinum).  
8.1. Chemical Efficacy in 
the High Rainfall Zone
Environmental stress on plants and crops has a big 
impact on herbicide effi cacy. Common causes of stress 
to crops and weeds in the HRZ are waterlogging, 
cool temperature (both air and soil) and nutrient 
defi ciencies.  Table 8.1.1 is a record of the average 
climatic conditions experienced at Muradup during 
July of 2004.  July is generally a month of high spraying 
activity for post emergent herbicides, so an appropriate 
month to discuss climatic conditions and their impact on 
herbicide effi cacy.  
Looking at the major climatic infl uences of precipitation 
days, temperature and solar radiation on chemical 
effi cacy and weed control throughout the month of 
July, we fi nd that:
• It rained 17 days out of 31 in July  2004.  Even though 
on some of these days the rainfall was less that 1mm, 
it still indicates that there was either very heavy dew 
or some cold, drizzly conditions.  A waterlogged soil 
provides an anaerobic environment for crops and 
weeds, stressing weeds and severely reducing the 
effi cacy of herbicides.  Higher herbicide rates are 
required to control weeds.
• Temperature can affect the crop reaction to 
herbicides, mainly by modifying the plant’s ability 
to detoxify the herbicide (Dodd et al. 1993). The 
average maximum air temperature for the month of 
July was 14.8o C with the average minimum being 
6.3o C, a temperate range not ideal for vigorous 
plant growth.
• There were four consecutive days with minimum 
temperatures below 2oC, probably indicating four 
frosts in a row. Cold weather will cause a plant to 
harden but not to grow in size. Continued cold and 
cloudy weather will cause the plant metabolism to 
slow down or stop, with some plants completely 
shutting down below 4.5oC (Anon 2001).  Plants 
will take approximately 24 hours of warm weather 
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Table 8.2.1.  Expected yield reduction in a wheat crop from various grass weed species at different plant populations (Poole and 
Gill In The Wheat Book 2000). 
Percentage reduction in wheat yield with increasing density of four grasses
Weed (numbers/m2) Plants/0.1 m2
Yield reduction (%)
Wild oats Ryegrass Brome grass Barley grass
25 2-3 11 6 9 7
50 4-6 20 11 17 13
100 7-12 34 20 31 24
150 Approx 15 43 28 42 33
200 Approx 20 50 34 50 42
300 Approx 30 56 44 62 53
Table 8.1.1. Average of weather recordings in the month of July (2004) at Muradup.
Air Temperature (°C) Soil temperature (°C)
Rain 
(mm)
Solar radiation 
(cumulative °C)
Extremes July Average Extremes July average
TotalMin Max Min Max Min Max Min Max
-1.3 17.6 6.3 14.8 8.4 14.6 10.4 13.4 52.8 216.2
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to recover from one frost and seven days to recover 
from three consecutive frosts. This period is not 
conducive to spraying herbicides like grass selectives, 
as the plants will be under too much stress to actively 
take up the herbicide.  Low night air temperatures, 
especially frosts, can increase crop damage from 
herbicides such as 2,4-D, dicamba and MCPA 
(Dodd et al. 1993).
• The level of solar radiation during the month was 
also less than ideal for vigourous plant growth.  
8.2. Weed population issues 
and crop yield reduction
The cost of weeds does not only apply to the control 
measures used, but also the yield penalty suffered. 
Table 8.2.1 gives an indication of the percentage of yield 
reduction that can be expected from four different grass 
weed species, at a range of population densities.
The cost of ryegrass in a wheat crop is huge.  For 
example, a crop with a yield potential of 3 t/ha and 100 
ryegrass plants/m2 will have yield reduced by about 
20%, which equates to a 600 kg/ha loss. If a farm gate 
price of $150/ tonne is used, the total cost of ryegrass in 
this crop would be $90/ha.
The HRZ poses many challenges for weed free cropping. 
As mentioned earlier the importance of pasture systems 
in this region is high. It is practical to presume that the 
majority of cropping phases begin after a medium to 
long-term pasture phase. The pasture phase is generally 
associated with high levels of dormant seed numbers 
leading into the cropping phase. 
Figure 8.2.1. shows the ability of ryegrass and wild oats 
to persist in years after full control of seed set. The seed 
bank of ryegrass can be diminished at a rate of 70-80% 
per year, given total control of seed set.  The starting 
seed bank for the example in Figure 8.2.1. is around 
7500/m2, so even after full control of seed set in one year, 
a paddock will have enough dormant ryegrass seeds to 
establish 3000 plants/m2 the following year.   
Figure 8.2.1. Seed dormancy patterns of annual ryegrass, 
barley grass and wild oats at Katanning (Peltzer and 
Matson 2002).
Seed dormancy is the main cause of the spread in 
emergence over time. This is a typical problem faced by 
growers of both cereals and pulses in the HRZ.  Seeds 
that lose dormancy before the break of the season can 
be easily controlled with a broad-spectrum, knockdown 
herbicide.  Unfortunately, many weed seeds lose 
dormancy after the break of the season, germinating in 
crop as far as eight weeks post sowing, making weed 
control diffi cult. Residual herbicides and selective 
herbicides can be used to try and prevent and control 
subsequent germinations, and the challenge is to plan 
herbicides and applications so that all germinations are 
controlled. If a grass selective herbicide is sprayed too 
early, it may miss a later germination.
Waterlogging.  Waterlogging creates an anaerobic 
environment for crops and weeds, stressing weeds and 
severely reducing the effi cacy of herbicides.  Higher 
herbicide rates are required to control weeds while 
waiting for the soil to dry out and plants to return to 
an active growth pattern. Waterlogging not only affects 
weed control in the HRZ, but also reduces paddock 
access.  Climatic conditions for chemical application are 
generally at their worst during the months of the season 
when growers are most likely to apply either pre or 
post emergent herbicides to crops.  A successful knock 
down before planting the crop and high seeding rates 
can reduce weed populations.  Prolonged weed control 
extends the period of time when the crop is exposed to 
competition from weeds. 
Water stress.  Weeds that are under water stress are hard 
to kill, requiring higher rates of herbicide for effective 
control.  Dodd et al. (1993) explains that most herbicides 
kill weeds by interfering with one or more essential 
processes within the plant, following translocation 
within the plant to the area of process.  In an actively-
growing plant, the translocation system is working 
properly and the herbicide can move freely, the metabolic 
processes are functioning normally, being available for 
distribution (maximum herbicide effi ciency).  As stress 
increases, translocation slows, metabolism slows, and 
more and more herbicide is needed for the same degree 
of control.
Soil type and nutrition play a vital role in both herbicide 
effi cacy and crop safety within the high rainfall zone. 
Plant nutrient defi ciencies can be induced through 
the use of some herbicides. For example triasulfuron 
(Logran®) and diclofop-methyl (Hoegrass®) have been 
linked to zinc defi ciency and chlorsulfuron (Glean®) has 
been linked to copper defi ciency.  A balanced fertility 
strategy helps weed and crop growth, ensuring good 
weed control and increased crop safety.
Specifi c characteristics of soil types also play a role in the 
residual activity of many herbicides.  The main factors 
that have an impact on herbicides in the HRZ are soil 
pH, organic matter and soil structure.  For example, 
sulfonylurea type herbicides break down readily in 
the low pH soils that include the majority of the HRZ. 
These herbicides last longer in alkaline soils, and crop 
safety is lower. 
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8.3. Integrated weed 
management (IWM)
Herbicides are an extremely good tool to help to 
control weeds, however to rely totally on chemicals 
will increase the likelihood of herbicide resistance. 
An integrated approach to weed management must 
be adopted to produce a profi table and sustainable 
cropping enterprise.  
Integrated Weed Management (IWM) involves not only 
the use of chemicals to control weeds, but also cultural 
practices, agronomic management and grazing by sheep. 
Not only does IWM help control weeds in the fi rst year 
of the cropping phase, but also aims to maintain weed 
free crops right through the cropping rotation.  IWM is 
also a responsible management practice in the prevention 
and/or control of resistant weeds.  Weed resistance to 
herbicides is becoming more and more prevalent in the 
HRZ as farmers increase cropping.  Six per cent of all 
ryegrass populations are resistant to diclofop, and 21% 
are developing resistance, 3% are resistant to trifl uralin, 
and 45% are developing resistance.  
The following table shows the main IWM tools for 
consideration in the HRZ (Table 8.3.1.).
Table 8.3.2 gives an indication of expected control with a 
range of different management practices. It is important 
to note that most management strategies have a wide 
range of expected control, the unreliability of one or two 
control methods indicates that it is critical for growers 
to adopt a number of IWM tools in order to compensate 
for variations in species maturity, seasonal conditions 
and any other factors that may inhibit the success of 
these tools.
Table 8.3.1.  Integrated weed management tools available for cropping in the HRZ.
Chemical control Cultural weed control Agronomic management
Pre/post emergent herbicides
‘Double knock’ techniques
Spray topping
Crop topping
Swath topping
Mechanical topping
Cutting or silage
Burning
Grazing
Effective rotational planning
Autumn tickle
Seed catching/windrowing
Delayed seeding
High seeding rates
Seed and fertiliser placement
Crop and weed hygiene
Green/brown manuring
Table 8.3.2   Effi cacy of weed control practices for resistance management (Draper and Llewellyn 2003).
% Control of weed seeds or plants
Annual ryegrass Wild radish
Weed Management technology Most likely Range Most likely Range
Seed catching 60 45 to 75 75 65 to 85
Shallow “tickle” cultivation 35 15 to 55 45 15 to 65
High crop seeding rates 40 25 to 50 40 25 to 50
Delay seeding - 3 weeks, then apply knockdown 50 35 to 70 55 35 to 70
Grazing 70 30 to 95 35 15 to 60
Spray topping 70 50 to 90 55 40 to 70
Crop topping (paraquat, rates aimed at ryegrass) 75 50 to 95 45 15 to 85
Green/brown manuring 98 90 to 99 98 90 to 99
Swathing 35 15 to 50 35 15 to 60
Crop stubble burning 40 10 to 90
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The aim of this section is to provide information for 
determining the economic optimum yield and to help 
decide whether higher input levels are likely to be 
profi table in the HRZ. Determining the economic 
optimum yield requires examining the response achieved 
from different levels of inputs and fi nding the level at 
which the extra cost equals the extra return.  Accounting 
for production risks associated with different input levels 
is essential for assessing the long term profi tability of 
different yield targets. For the following calculations the 
yield response achieved from different inputs has been 
estimated from trials, simulation modelling and local 
experience. Sensitivity analysis has been used where 
there is some uncertainty surrounding the estimates.
9.1. Profitability of different 
production packages
The trials carried out as part of these projects and the 
estimates in the preceding chapters indicate that yields 
higher than are regularly achieved in the HRZ are 
attainable. Converting this higher yield into farm profi t 
depends on the cost of the extra inputs required. Farm 
managers need to decide for each of their paddocks 
what level of inputs will maximise profi t and meet their 
other management goals.
To help make that decision we have quantifi ed and 
calculated the gross margins for three different 
production packages that target different yield levels. 
The packages were put together using a combination of 
local agronomic knowledge, results of trials carried out 
in these projects and computer simulation modelling. 
The three packages examined were:
1) Medium input package targeting an average yield 
of 3 t/ha. This yield level can be achieved by the 
majority of regular croppers in the HRZ.
2) High input package targeting an average yield 
of 4.5 t/ha. This yield level can be achieved 
commercially but by a minority of growers.
3) ‘Research’ package targeting an average yield of 
6 t/ha. This yield level can be achieved in research 
trials (see Chapter 2), but is not achieved 
commercially over a whole program.
The research package has the most uncertainty because 
there is little practical experience at these yield levels. 
So, the information presented on this package is at best 
an approximation. For this package the results of the 
sensitivity analysis are very important. The yield for the 
research package was selected as the potential yield for an 
average season in Kojonup (see Chapter 2).  Presentation 
of this package is to demonstrate what might be possible 
and what level of inputs would be necessary.
A single-year gross margin analysis has limitations 
for calculating the actual profi tability of the different 
packages because it assumes the costs of setting up 
the paddocks and any carry-forward effects into the 
following year are the same for each paddock. Gross 
margin analysis also assumes that there is no difference 
in fi xed costs such as labour and machinery. Any 
differences in these respects need to be accounted for 
when interpreting the results.
The input levels and the yield achieved for each 
production package have been selected for a good 
crop paddock with a loamy sand soil or similar and the 
immediate history including being ‘set up’ for cropping. 
The setting up would include a double spray top and 
winter manipulation to control grass weeds and to 
reduce soil diseases carried by the grass weeds.
Details of the inputs for each package are in Tables 9.1.1, 
9.1.2 and 9.1.3. A summary of the cost is presented in 
Table 9.1.4.
Table 9.1.1 Crop protection and fertiliser inputs for the 
medium input package that has a target yield of 3 t/ha.
Input level
Cost 
($/ha)
Seed 85 kg/ha of seed @ $180/t 15.30
Crop 
Protection 
Seed treatment: 
Raxil® 100 mL/100kg 2.30
Pre plant: 
Glyphosate 1000 mL/ha 4.30
Logran® 35 g/ha 5.71
Adjuvants 0.56
4-5 leaf:
Hoegrass® 1000 mL/ha 15.00
Giant® 600  mL/ha 8.70
Zadocks39
Tilt®250 mL/ha 12.00
Fertiliser Sowing:
Agstar Extra® 80 kg/ha (14%N, 
14% P, 9%S, Cu, Zn) 51.50
Urea 80 kg/ha (46%N) 33.76
Machinery Seeding 30.00
Spray applications 3 @ $8/ha 24.00
Topdressing appl’n 1 @ $8/ha 8.00
Harvesting @ $30/ha 30.00
Interest 6 mths interest on early 
expenditure @ 9% 9.00
Total 250.13
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 Table 9.1.2. Crop protection and fertiliser inputs for the 
high input package that has a target yield of 4.5 t/ha. 
Input level
Cost 
($/ha)
Seed 100 kg/ha of seed @ $180/t 18.00
Crop 
Protection 
Seed treatment:
Raxil®100 mL/100kg 2.30
Impact in FurrowR 400 g/ha 30.00
1st knock:
Glyphosate 1000 mL/ha 4.30
Goal®100 mL/ha 3.82
Fastac Duo® 100 mL/ha 1.08
Adjuvants 0.56
2nd knock:
Spray.Seed® 250 1000 mL/ha 8.95
Trifl urX® 2000 mL/ha 13.80
DiuronWG® 300 g/ha 3.72
3-4 leaf:
Giant® 600 mL/ha 8.70
Fastac Duo® 125 mL/ha 1.34
1st node:
Fastac Duo 125 mL/ha 1.34
Zadocks39
Tilt 250 mL/ha 12.00
Fertiliser PrePlant:
Muriate of Potash 50 kg/ha 21.65
Sowing: 
Agstar Extra® 140 kg/ha 
(14%N, 14%P, 9%S, Cu, Zn) 72.10
2-3 leaf: Urea 100 kg/ha 42.20
3-4 leaf: Twin Zinc® 300 mL/ha 2.94
5-6 leaf: Urea 50 kg/ha 21.10
1st node: CoptrelR 400 mL/ha 4.40
Machinery Seeding 30.00
Spray applications 5 @ $8/ha 40.00
Topdressing appl’n 3@ $8/ha 24.00
Harvesting @ $40/ha 40.00
Interest 6 mths interest on early 
expenditure @ 9% 15.30
Total 415.30
Table 9.1.3. Crop protection and fertiliser inputs for the 
‘research’ package that has a target yield of 6.0 t/ha.
Input level
Cost 
($/ha)
Seed 100 kg/ha of seed @ $180/t 18.00
Crop 
Protection 
Seed treatment:
Raxil®100 mL/100kg 2.30
Impact in Furrow®400 g/ha 30.00
1st knock:
Glyphosate 1000 mL/ha 4.30
GoalR 100 mL/ha 3.82
Fastac Duo®100 mL/ha 1.08
Adjuvants 0.56
2nd knock:
Spray.Seed250® 1000 mL/ha 8.95
Trifl urXR 2000 mL/ha 13.80
DiuronWG® 300 g/ha 3.72
3-4 leaf:
Giant® 600 mL/ha 8.70
Fastac Duo®125 mL/ha 1.34
1st node:
Fastac Duo® 125 mL/ha 1.34
Zadocks39
Tilt 250 mL/ha 12.00
Fertiliser PrePlant:
Muriate of Potash 60 kg/ha 25.98
Sowing: 
MAPSZC 140 kg/ha (106%N, 
21.4%P, 8%S, Cu, Zn, Mn, Mo) 91.78
2-3 leaf: Urea 170 kg/ha 71.74
3-4 leaf: Twin Zinc® 300 mL/ha 2.94
5-6 leaf: NK21 240 kg/ha 
(32%N, 15%K) 92.88
1st node: Coptrel®600 mL/ha 6.60
Machinery Seeding 30.00
Spray applications 5 @ $8/ha 40.00
Topdressing appl’n 3@ $8/ha 24.00
Harvesting @ $50/ha 50.00
Interest 6 mths interest on early 
expenditure @ 9% 20.72
Total 558.25
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Increasing yield to 4.5 t/ha is going to require an 
improvement in fertility and an improvement in crop 
protection relative to current practice. The improved 
crop protection is likely to involve switching to a 
double knockdown with glyphosate followed by Spray 
Seed®. There is also a requirement for improved aphid 
control with a double application of an anti-feed and an 
in-furrow fungicide treatment to delay fungal diseases 
particularly stripe rust. This level of crop protection 
should be suffi cient to achieve a crop of 6 t/ha.
Achieving the higher yields will also require an increase 
in the level of fertility. To achieve 4.5 t/ha is likely to 
require an extra 40 kg of N, 6 kg of P, 25 kg of K, 
0.3 kg of Cu and Zn. To further increase the yield to 6 
t/ha could require an extra 70 kg of N, 10 kg of P, 35 kg 
of K, 0.4 kg of Cu and 0.15 kg of Zn. The extra nitrogen 
will need to be split including at seeding, and some at 
later stages.
Explanation of costing.  The higher input packages 
have double  the  number of in-crop applications of 
fertilisers and pesticides. In the HRZ many operators 
are not equipped for this increase in application level. 
Furthermore, there is often competition for labour 
between the crop and the pasture/sheep enterprises. 
Consequently, contract rates have been charged for the 
in-crop applications because either contractors would be 
required or it is likely that extra capital expenditure would 
be incurred in order to apply the extra crop protection 
products and to split the fertiliser application. This extra 
capital expenditure will lift the cost of application above 
the current rates, closer to contract rates.
Harvesting cost has also been increased for the higher 
yield packages to refl ect that harvesting the thicker 
crops is likely to be slower because the heavier crops 
will lodge more in some years. It is possible that other 
costs associated with harvest may increase because of 
the higher volume of grain that needs to be handled 
when crop yields are increased. These costs haven’t 
been listed but include larger grain storage areas, larger 
augers or loaders to move the grain and an improved 
transport system.
Gross Margin Analysis.  If 4.5 t/ha can be achieved using 
the high input package rather than 3 t/ha using the 
medium input package then the gross margin can be 
increased by $60/ha from $200/ha up to $260/ha (Table 
9.1.4). This equates to an increase in return on assets for 
that hectare of 2.6% or a return on the extra operating 
capital outlaid of 36%.
If 6 t/ha can be achieved using the research package 
rather than 4.5 t/ha from the high input package then 
the gross margin can be increased by a further $82/ha 
up to $342/ha. This equates to an increase in return on 
assets of 3.4% or a return on the extra operating capital 
outlaid of 57%.
Table 9.1.4. Gross margin per hectare and other measures of 
return for crop grown with each production package.
Medium 
input
High 
input Research
Income 450 675 900
Costs 250 415 558
Gross margin ($/ha) 200 260 342
Return on assets (%) 8.5% 11.1% 14.5%
Return on extra 
$ spent (%) - 42% 64%
These levels of return indicate that farmers could 
increase profi tability through implementing the higher 
input packages within their cropping programs. If these 
yield levels can be achieved as a long-term average then 
the extra operating capital is earning a return of between 
36% and 57%. 
There is some uncertainty as to whether the yields 
specifi ed for the higher input packages will be attained. 
This is especially the case for the research package 
that is not currently being commercially implemented. 
If the research package delivers 6 t/ha it would be the 
most profi table of the three packages, however, if the 
research package was to only yield 5.5 t/ha then it would 
provide the same gross margin as the high input package. 
Therefore producers need to assess or test the likelihood 
of achieving an average yield in excess of 5.5 t/ha when 
considering implementing the research package.
However, the extra outlay associated with the higher 
input packages increases the potential losses if the 
expected yields are not achieved. This is a problem if 
the fi nances of the farm are unable to withstand one or 
two years of losses. For farmers in this position a greater 
focus is likely to be put on the short-term variation in 
profi t rather than the long-term average profi t.
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9.2. Impact of production 
and market risks
There are a range of risks in the HRZ that impinge on 
the profi tability of cropping some are:
• Frost
• Waterlogging
• Lack of fi nishing rains
• Late break to the season, delaying seeding and 
reducing potential yields
• Pest or disease outbreaks
• Market prices
• Cost of inputs
To get a correct measure of long-term profi tability, the 
above ‘risks’ were included when estimating the long-
term yields and prices that will be achieved from each 
package. However, there is a lack of data on the impact of 
each of these factors on the long-term average yield. So, 
a breakeven analysis - which calculates the level of yield 
or price that would lead to the same gross margin being 
achieved for each production package allows calculation 
of benchmark yield and/or price levels against which 
individuals can compare their expectations and against 
which future trial data can be compared.
An important issue to consider when deciding between 
the production packages is what impact each of these 
risk factors has on the relative production from each 
package.  For example, will the loss of yield be similar 
across the packages or will the high input denser crops 
be affected more or affected less.  Nutrition trials 
conducted in DAW 673 comparing high input nutrition 
packages to supply 6-8 t/ha cereal crops to farmer 
practices throughout the HRZ from 2001 to 2004 
suggest that the impact of some risk factors increase 
(e.g. market price), some decrease (e.g. nutrients timed 
according to waterlogging) and others remain relatively 
constant across all packages, differing for crop species 
sown, soil type and environment.  For example, grain 
quality impacts on the market price of barley and farm 
scale trials in 2002 showed that high input packages 
including nutrients to supply a 6-8 t/ha Gairdner 
barley crop increased the level of screenings above that 
allowed for malting barley on gravelly loam soils.  It was 
concluded that on these soils, it was not economical to 
change farming practices for barley.  On the other hand, 
for wheat, it was most economical to use high inputs 
as not only was yield increased, but so too was grain 
protein.  Screenings were not increased to unacceptable 
levels (Hill et al. 2005b).
Two breakeven yields have been calculated for the 
production risk factors to account for the situation 
where there is:
• Reduction of potential yield and the risk factor 
only affects the high input packages. Lack of 
rainfall is an example of one of these because if 
the rainfall in the growing season is low then the 
potential yield is reduced and extra inputs on 
fertiliser or crop protection cannot increase the 
yield above this potential.
• Across the board yield loss and the risk factor 
results in a similar proportional yield reduction 
for each production package. Frost is an example 
of one of these because the impact of frost is 
affected by whether the crop is fl owering rather 
than the level of inputs that have been applied or 
the density of the crop.
• The third situation where the high input packages 
are affected less by the risk factor has not been 
analysed. An example of this would be a year 
with bad stripe rust. The low input package that 
doesn’t include the in-furrow fungicide is likely to 
be affected more than the higher input packages 
that include the early fungicide application.
If there is a reduction in potential yield and the medium 
input package still yields 3 t/ha then the high input 
package breaks even with a 9% reduction in yield which 
equates to a yield of 4.1 t/ha (Table 9.2.1). The research 
package would breakeven with a 16% reduction in yield 
which equates to 5.1 t/ha. 
Table 9.2.1. Yields and prices that would make the higher 
input packages breakeven with the medium input package 
yielding 3 t/ha.
High input 
(4.5 t/ha)
Research 
(6 t/ha)
Reduction in 
potential yield -9% (4.1 t/ha) -16% (5.1 t/ha)
Across the board 
yield reduction -27% (3.3 t/ha) -31% (4.1 t/ha)
Grain price -27%% ($110/t) -31% ($103/t)
General cost blow 
out +14% ($475/ha) +25% ($700/ha)
Nitrogen fertiliser 
price +100% +100%
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If yields were reduced by the same proportion across all 
three packages there would need to be a 27% reduction 
in yield for the high input package to breakeven with 
the medium input package. With this level of yield 
reduction the high input package would be yielding 
3.3 t/ha and the medium input package would be yielding 
2.2 t/ha. The research package would breakeven with a 
yield reduction of 31% and a yield of 4.1 t/ha and with 
this level of yield reduction the medium input package 
would be yielding 2.1 t/ha. These are large reductions 
in yield and generally above the levels of reduction 
experienced from frost.
Grain prices would need to drop by 27% and 31% for 
the high input and the research packages to breakeven 
with the medium input package. At these levels the grain 
price would be $110/t and $103/t on-farm respectively. 
These are very low grain prices so variation in grain 
price would not be a major risk factor in making the 
higher level of input less profi table.
If extra inputs needed to be applied to maintain the yield 
potential of the higher input packages because there was 
a pest or disease outbreak an extra 14% or $60/ha could 
be applied to the high input package and an extra 15% 
or $142/ha could be applied to the research package. 
These are both large amounts and would cover most 
extra inputs that may be required in any given year to 
protect the yield potential of the high input crops.
High nitrogen prices are a current risk factor with the 
cost of oil increasing.  However, to make the higher 
input packages breakeven with the medium input 
package the price of nitrogen would have to increase by 
approximately 100%. This would equate to a urea price 
of over $700/t and this price level is highly unlikely in 
the short-term.
Of all the risk factors the reduction in potential yield is 
the only one that is likely to make the high input packages 
less profi table than the medium input package. Reduction 
in potential yield can be caused by waterlogging, lack of 
fi nishing rains and delayed seeding. The risk factors that 
occur earlier in the season can be ameliorated to some 
extent by reducing the level of inputs of the high input 
packages. This could mostly be achieved by reducing 
the amount of in-crop nitrogen and potassium applied.
Photo 9.2.1.  Waterlogging and associated low nutrition 
signifi cantly reduced crop yields at Jingalup in 2005 trials.
9.3. Optimum area to crop
The preceding calculations and discussion refer to 
the optimum package to apply to a paddock that was 
going to be cropped and had been set up to have a high 
potential crop yield.  If the higher input cropping does 
increase profi tability on these well-set-up paddocks the 
next question to ask is whether more paddocks should 
be included and the area of crop increased. This is a 
more complicated question than looking at different 
production packages for a given crop because in order 
to decide whether more crop should be put in, it is 
necessary to decide how the extra crop will be grown 
on the farm. This is a question about the rotations that 
are practised in different paddocks and there are two 
general alternatives:
• Altering the rotations of crops that are grown to 
increase the intensity of cropping in existing crop 
paddocks. Moving from cropping a paddock 
once in every fi ve years (maybe to oats) to 
cropping twice in fi ve years with canola followed 
by wheat is an example of this. The most intense 
rotations are continuous crop rotations and 
typically these include a grain legume in place of 
a pasture phase.
• Implementing a crop rotation on paddocks that 
would not normally be cropped. Cropping poorer 
paddocks usually leads to lower yields because 
invariably the reason the paddock is not cropped 
is because it is not suited to cropping. However, 
in some instances paddocks can be re-fenced to 
allow a section of an existing “non-crop” paddock 
to form a “crop” paddock.
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The traditional gross margin analysis that compares 
the average crop gross margin with the average 
pasture/livestock gross margin does not provide useful 
information for making decisions about the optimum 
proportion of the farm to crop. At best these gross 
margins only provide the answer for the coming year 
(because they ignore the question of rotational change) 
and then the comparison needs to be carried out for 
each land capability class (or paddock) that might be 
switched from pasture to crop.
Detailed farm system models that include a range of 
land classes and a range of different rotations that can 
be grown on each land class can address this issue of 
the optimum proportion of the farm to crop and how 
it changes when the underlying profi tability of the 
enterprises changes. An analysis such as this has been 
carried out using the Great Southern version of the 
MIDAS model (Young 1995), the model is used to 
examine farm profi tability if different proportions of 
the farm are cropped using the rotations that maximise 
profi t at that level of crop.
With standard prices and production (see Appendix 
2) the optimum proportion of the farm to crop is in the 
range 10% to 25% (Figure 9.3.1. and Poole et al. 2002). 
With crop area within this range the profi t achieved 
is close to the maximum. If extra crop is grown then 
profi t reduces because crop is being grown in less 
profi table rotations and on less profi table soils. If less 
crop is grown then profi t is reduced because paddocks 
on which the return from cropping is greater than the 
return from pasture and sheep are not being cropped.
If the profi tability of cropping is increased through a 
20% increase in yields of cereals and canola, then farm 
profi t is increased by approximately $10000 per year for 
a 1000 ha property and the optimum proportion of the 
farm to crop increases by only 5% (Figure 9.3.1).
Figure 9.3.1.  Farm profi t and the impact of altering the 
proportion of the farm cropped with standard crop yields 
and yields increased by 20%.
Profi tability and the optimum proportion of the farm 
to crop are more sensitive to changes in wool and meat 
production than changes in crop yields (Figure 9.3.2). 
A 25% decrease or increase in animal production changes 
farm profi t by $100000 per year and the optimum 
proportion of the farm to crop changes by between 
5% and 15%. 
Figure 9.3.2. Farm profi t and the impact of altering the 
proportion of the farm cropped with standard sheep 
profi tability and with sheep and wool production increased 
and decreased by 25%.
These results indicate that the outlook for the 
profi tability and productivity of the sheep enterprise are 
more important than the outlook for the crop enterprise 
in determining the proportion of the farm to crop. If the 
productivity of the crop enterprise can be increased, the 
majority of the potential increase in profi t is captured 
without altering the area of crop.
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Appendix 1 –  Cost and price assumptions in 
Production packages
The standard price used in this analysis was $150/t on 
farm and this equates to a Net Pool Return of $195/t.
Costs have been based on prices for the 2005 cropping 
season.
Table 10.0.1.  Cost and price per litre/kilogram of 
crop protection products used in production package 
assumptions
Crop Protection Product
Price per litre/kilogram 
(GST incl.)
Diuron WG 13.75
Fastac® 12.38
Giant® 17.88
Glyphosate 5.45
Goal® 37.40
Hoegrass® 17.05
Logran 143.00
Spray.Seed® 10.34
Trifl ur X® 6.88
Tilt® 41.80
Wetter 1000® 6.05
Table 10.0.2.  Cost and price per litre/kilogram of fertilisers 
used in production package assumptions
Fertiliser Price per tonne/litre
AgStar® 515
MAPSZC® 655
Urea 422
NKS21® 387
Muriate of Potash (MOP) 433
Coptrel® 11
Twin Zinc® 10
Appendix 2 –  Production & price assumptions 
in MIDAS modelling
Table 10.0.3.  Price assumptions for grains and animal 
production in MIDAS modelling products
Product $/t or $/kg on farm
Wheat ($/t on farm) 156
Barley ($/t on farm) 155
Oats ($/t on farm) 110
Canola ($/t on farm) 320
Lupins ($/t on farm) 185
Wool ($/kg clean STB 21υ)  800
Meat ($/kg DW for Lamb) 2.50
shippers on-farm ($) 42
Table 10.0.4.  Assumed Crop Yields (kg/ha) in MIDAS 
modelling
Wheat 3300
Barley 3500
Oats 4000
Canola 1400
Lupins 1500
Table 10.0.5.  Assumed Sheep Productivity in MIDAS 
modelling
10% 
crop
25% 
crop
Stocking rate (DSE/WG ha) 14.5 16.1
Supplementary feeding (kg/DSE) 19 26
Lambing % 84 84
Wool cut (kg clean/WG ha) 37 41
10 . 0   A P P E N D I C E S
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Appendix 3 –  Examples of packages trialled in 
this project
This section includes examples from this research project 
of high input packages used and the increase in yield 
achieved. These provide background information to 
help decide whether the yields expected and the inputs 
required for each of the three packages are likely to be 
achieved.
 
Table 10.0.6.  Examples of packages used as background information for ‘medium input’, ‘high input’ and ‘research’ packages 
trialled in this project
Year Site Crop
Fertiliser applied
Yield 
(t/ha)
Extra cost 
- yieldN P K S Cu Zn
2001 Arthur River Barley 100 24 37 9 0.6 2.7 5.6 $179/ha
Arthur River Barley 34 13 25 5 0.2 0.2 5.0 $77/ha
2002 Boyup Brook Wheat 150 50 50 22 1.5 1 5.2 $300/ha
Cranbrook Wheat 150 50 50 22 1.5 1 4.5 $300/ha
Boyup Brook Wheat 74 14 30 3.5 105/ha
Cranbrook Wheat 59 18 35 3.3 121/ha
Boyup Brook Wheat 150 50 22 4.8 211/ha
Cranbrook Wheat 150 50 22 4.1 211/ha
2004 Orchid Valley Barley 160 50 50 22 1.5 1 6.1 239/ha
Jingalup Wheat 160 50 50 22 1.5 1 4.5 239/ha
* Extra – only costs/ha put in
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